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Uranium in the Earth’s 
Core 

Roy C. Feber 

and Terry C. Wallace 

his Alamos .Scientific Lalmralniy 
Los Alamos, NM 87545 

Leona Marshall Libby 

Department of Knvii-oiiineni;il Science ami 

Engineering 
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Las Angeles. CA !NXHM 

Thai there is no mdiosiciiviiy in ilic earth’s core is a concept that lias long been 
held. The reason is that the major radioactive elements, potassium and uranium, 
exist as sideropliobic compounds, such as silicates and oxides, in the earth’s man- 
lie and thus were thought to be immiscible with the metal core. An experimental 
measurement of* (lie binary system or steel and ua, however, shows that above 
3120 K the system is a two-phase liquid, the one rich in UO* and the other pom- 
in UO*. The phase diagram predicts that there must be a temper, nine above 
which there is total miscibility between UO* and steel. Tim temperature may be 
above the boiling point of UO*. estimated as 3750 K. The temperature at the 
core- nuiu lie interlace ol tlie earths interim' is estimated most recently as 3130 K. 
Thus there is a strong likelihood that uranium exists in the earth’s metal core. 
Hence the natural alpha radioactivity of uranium offers a power source for Llie 
earth’s magnetic dynamo. 


Introduction 

A heal source of 5 x 10 lt * erg/s in the 
earth’s core is estimated to be more [Iihm suf- 
ficient to sustain convection and thus lo 
maintain the earth's magnetic held \Jarobs, 
1975. p. 2H7J. The possible heat sources, ra- 
dioactive potassium and radioactive actinides, 
arc expected to exist, however, main I v as si- 
deruphobic compounds, sm.li as oxides and 
silicates, which me immiscible in (lie earth's 
metal core \Uivy, 1*152. p. 92 j. 

Considerable discussion has appealed in 
die literature about the pnssihilin nl potassi- 
um having been iiK>irpoi,ited into die meial 
core, for example, in the primitive cliflercnli- 
ating earth. Less allcntiou lias Ix-eu given to 
the possibility of uranium existing in the c mv 
| see Jacobs. 1975. pp. 20-1-208: Somerville ,iml 
Akims, 19HU; Ahrens. 19H2|. In hut, uranium 
appears to lie steadily iiworpnratcd into die 
metal core at all limes, tun only in die primi- 
tive differential iug earth but at the present 
time as well. The evideme is t-X|H-ii mental. 

Except Tor hypothetical incorporation of 
potassium into tlie core in the primitive dif- 
ferentiating earth, the oilier heal source sug- 
gested has been the rnmimious growth of the 
iron core of the cart It from inigratiut] of iron 
in the mantle and the roi responding release 
or gravitational energy. The experiment of 
Hodhin ami roller | I9H(J| now makes it likely 
that uranium is steadily dissolving into the 
core and supplying radioai live heat. 

The Experiment 

The experiment was performed hy Ilodhin 
and roller \ IUHIIJ as follows. .Stainless steel and 
UOa were incited together by an are dis- 
charge between a tungsten cathode and an 
anode rnicihk- until observation of die melt 
was obscured lay vapor of die uranium oxides 
at temperatures more than 3120 K. After 
melting Imd proreded for 7 minutes, the cru- 
cible was cooled. This cooling produced an 
ingot which was examined hy electron probe 
microanidysts. In die molten state, iwo iiiunis- 



ciblc liquids had been [iresctu. One was UlU 
with 1% weight of steel, and die other was 
sleel with 23 Sr weight of UO*. The experi- 
Htcnicrs conclude dial there is j tctiipcr.il tire 
abnve which there is total miscibility Ik-iwccii 
UOa and steel: liowcver, that temperature 
may be above die boiling ]Kiinl ol UO.-. esti- 
mated as 3750 K. 

The |w« yeeted phase diagram for Ulh-slecl 
is shown in figure 1. where die leiil|M.-raiurc 
in degrees Kelvin is pinned scisus weight 
percent. The experimentally measured points 
lie on die uppermost solid line ai *!!**,?- and 
23*? weight of UO*. tespeuivch. at a tein- 
|jeranirc sumewhat higher than 3I2H K. 

One limy inquire whether the pretence of 
2 *. .! Mn. Mi'., Ni. a in I I ■<*.,' (a* in 1 Ik* steel in.iv 
snbsi.imiallv alien the twn-pli.ise nature ul 
the liquid-liquid region ol die phase diuglum. 
I In- answer appeals to In- no. judging f mm 
utlici ex]ieiiiiieiits made In llmllun mul Putin 
| IUMOJ. In one of these, dies melted stainless 
steel. UO-i, Mo. Rh. Kh. -ami IM. 1 lie vomleu- 
saie cniitained -lit? weigln UOa Even at tem- 
peratures that were probably link- above the 
iiielimg j j' >ii it nl iiianiiiui. their was 2l>‘,» 
weight of UOj dissolved ill liquid stainless 
steel. 

Hodkiti ami Potier [ 1980 1 also present a pus- 
siblc U-C-O phase diagram for 2550 K which 
shows dial uranium can be reduced by car- 
bon (which presumably can be present in die 
earth's core as it Lx present in iron and steel} 
to a region of two liquids, the one being rich 
in U anil the other being rich in UCV*. If 
this occurs, then there is a good probability 
that the U-rich liquid will mix widi die liouid 
iron at all values of weight percent (see phase 
ding ram of Fe versus U by Hullgreii el 
fl /.[l97l. p.895]). 

What might be tlie elfect of high pressure 
on the UOn-stccI phase diagram? The review 
and analysis of Anderson [1982] attempts to 
answer this question in tlie Torm of the effect 
uf pressure on the temperature at the core- 
mantle interface of the earth. The answer ap- 
peals to be that the phase boundaries in Fig- 
ure I may be shifted up by pressure but 


Fig. I Phase diagram for UOa and 
steel. Tlie two immiscible liquids in the 
liquid-liquid region were measured at a 
temperature somewhat above 3121} K. 


down by chemical effects of small amounts of 
other substances. Anderson balances these 
pcriurbaLtuiis against each other lo arrive at 
3131 K as the temperature of the core- mantle 
boundary. 

Uranium Radioactivity in the 
Earth’s Core 

The experimental di-mnnsi ration nr nvn 
liquids coexisting in the liquid system of UOj 
and steel at tempera tu res 3121) K up lo per- 
haps 519UU K ami total mist Utility almve that 
leads us lo aiusider that there is pmlxihly 
continuous absorption n r uranium I'rmii die 
mantle into the earth’s metal core. Kad inac- 
tive decay uf uranium in the earth's tore of- 
fers a power source fur the dynamo dial de- 
ntes and maintains the earth's inugiiciic 
field. 

Alter -t.li b.v. of existence of die solar 
system, die energy in the decay chain ol ura- 
nium is mostly that from SJ *U and amounts 
to 32.9 McV per mom. '1 lie volume of tlie 
core is 1.77 - Ut'-' 1 dll' m a density ol M.(i 
ginkuri I.W/’ftoH. 19H2| .md contains 2.58 > 
III'' 1 gin n| inm. At the cosmic abundance of 
uranium it also ioniums 1,-15 s ]D |H gin U, 
which prnticlcs an alpha panicle lit-ni sonue 
of 2.7 ' It)' 7 erg/s in die core. Acun ding in 
Jiiiobs | )>. 'Jt'7 1. the ohmic dissipation of 

mi i flits in die coit- wliii li inainiaiii die gt-o- 
ni.igiieiic held are o( die order ol 5 * It) 11 ' 
erg/s. Thus the heat iroiii uranium in die 
core at its iiulural abuiulancf appears to be 
xuflirienl in powev dw dviiaiuo. assuming an 
c-ilicic-mv ol jlmui one ic-nili. 

Additional uranium may enter die core (as 
a component of the Iwo-liquid system) from 
llie lower mantle. Titis addition is suggested 
by an analysis of Schubert and Spohtt {19811. 
who find dial die luwer mantle is depleted in 
radioactivity and can contain only 8^ or less 
of all die lieai-producing radioactive elements 
in the mantle. Other estimates of the fraction 
of llie mantle dial has been depleted range 
from Za lo 'f-i (see references of Srhnbert and 
Spohii, [1981])- 

Conclusion 

Experiments on the phase diagram of UOj- 
stainless steel, made for breeder research, 
show that at temperatures equal to that of the 
core-mantle interface of the earth a binary 
liquid system exists, containing two liquids, 

(he one rich in UOj and the other poor in 
UOi. The experiments also show that adul- 
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te ration of the system with elements interme- 
diate in the periodic table have little effm on 
the phase diagram. The efTcci of pressure 
lias been studied by others and thought lo be 
small. Therefore we infer thut uranium may 
well exist in the earth's core in significant 
qtr.miirics and at a natural abundance that is 
sufficient to main ta in the earth's magnetic 
Held. It may also be continuously extracted 
from the lower mantle, adding to the urani- 
um component of llie core. 

The pliasc diagram of UG*.iroi\ should be 
studied more thoroughly. Thorium oxide— 
ura ilium may behave similarly. The decay 
time of thorium is about three limes longer, 
but its abundance is six times greater. Its 
phase diagram should he studied also. 
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1984 Solar Eclipse 

At a recent meeting of the incoherent scat- 
ter radar user community an experiment was 
planned to observe the ionospheric and ther- 
mospheric response lo tlie May 30. 1984, an- 
nular solar eclipse with the meridional radar 
chain whose elements span die eclipse path. 
Investigators from the National Center for 
Atmospheric Research (NCAR). tlie Air 
Force Geophysics Laboratory, SRI Interna* 
bonal, Arecibo Observatory, and the Massn- 
riuisetts Institute of Technology (MIT) Hay- 
«ack Observatory were involved in this ex- 
periment. The operation of the incoherent 
scatter mdars is sponsored by rite National 
Science Foundation Atmospheric Sciences Di- 
vision. 

. Three radars participated in the obsciva- 
|»n»°r the eclipse effects: Arecibo (18°N).; 
Mwaonc HUI (43“N), arid Sondrestrom 
so i .)' The Millstone Hill radar was within 
•» latitude of die path of tlie eclipse and ex- 
Pf^ cnCe d a maximum solar obscuration of 
at 1705 UT.,Thc eclipse duration was!..- 
W°ximat e iy 3 hours. Measurements at ( 
Millstone Hill included electron density, plas- 
ma temperatures, and ion iftifls ovqrhcad ns* 
ln g the 07-m zenith antenna and to the sou(li, 
*nd southwest at low elevations (I(T-I5T us- 

■A- ... : :: - : ; i ' 


ing the 46-m steerable antenna to map drift 
velocity vectors and extend the observations 
towards the Arecibo station. Millstone Hill be- 
gan gathering observations at 1200 IT and 
continued through tlie eclipse lo 2200 UT. 
The automated data processing anil granhtes 
capabilities at Millstone Hill were utilized to 
obtain initial results of the eclipse observa- 
tions within 12 hours or tlie completion or 
die experiment, and the data were placed in 
the remotely accessible user data base on the 
Millstone computer. .The 56 data are avarlable 
to the research community on request. 

The color photograph on the cover of this 
issue illustrates the results obtained from 
Millstone HiU with the steerable antenna di- 
rected to the southwest. This beam intersect- 
ed tlie eclipse center line 5° west of the Mill- 
stone HUI meridian at 300 km altht.de. where 
maximum obscuration occurred at 1641 {JT. 
The frames show (lop to bottom) cotor-codeu 
intensity contours of the electron density; ion 
temperature, electron temperature, and ipn 
drjfL Une-oF-sightveloCiiy us a function of alti- 
tude tip to 600- km and universal time Irani 
H to 20 hours. Tlie electron temperature de- 
creaied by 750 K at 300 km Entered on : the 
eclipse' tithe, while the elearot* density mini- ; 
mum <ws 7Q% of the preejj.pse w »e at hat 
altitude andiOcCTtred 30 minutes bier. There 
. was a biuctt smaller effM'on the ^ 

pentriire. Thei plasma drift velocity, developed 


a northward component or —75 nt/s as the 
eclipse effects began. This latter effect may be 
a result of some geomagnetic activity {Kp " 

S). 

The ionospheric data collected at Millstone 
Hill as well as that front the other radars will 
be analyzed in detail, and thermospheric pa- 
nunetcis such as die exospheric temperature 
and the meridional neutral wind component 
will be derived from the measurements. 
These, in turn; will be compared to predic- 
tions already made at NCAR for the eclipse 
using the Thermospheric General Circulation 
Model. In a preliminary review it was seen 
that the model predictions tire pchcrally u»n* 
sislcnt with the observed drop in electron 
density and electron temperatures. Detailed 
quantitative comparisons require fit niter 
study. 

This news Hem was submitted fry Joseph E; 

(alt. Director, MIT Haystack Observatory. 

Land and Seabed 
Deformation : 

The development of techniques to mbniior 
: undersea and ground surface deformation 
arid sea level changes Will be highlighted at a 
session of invited geodesy papers at die AGU 






Fall Meeting, to be held in San Francisco, 
Calif., December 3-7, 1984. 

The oceans conceal the earth's largest sud- 
den deform a i ion events. Subduct ion earth- 
quakes at great plate boundaries produce 10— 
20-m motions ot the crust near off shore 
trenches. Inliaiinn of undersea volcanoes and 
tlie spreading of niidoccait rifts also produce - 
large changes that may go unnoticed. The • 
great isunaini-gencratmg earthquakes may be 
associated with unusually large vertical move- 
ments of the seabed: iltcse earthquakes also 
may cause vast undentea landslides. Technol- 
ogies lo predict these large movements have 
potential for improving earthquake predic- 
tion, iftmianii warning, and prediction or vol- 
canic eruptions,' Freu .Speis*. chief editor of u . 
recent National Academy of Sciences book on 
underset! deformation, will chair this session. 

Presentations at another geodesy session 
will detail dibits to monitor and record the • 
ground surface deformation that precedes 
earthquakes. Measurement -of deformation 
remains a vital and elusive goal of earth sci- 
entists. By understanding, these processes, ge- . 
o legists hope to learn more about. predicting . 
wheu and where large quakes wilt occur. Tlie 
best results achieved to date, in several differ- 
ent projects will be presented at the session, 
along with the. strategy and expectations for - 
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the monitoring network at Park Held, Calif. 

Scientists from the U.S. Geological Survey 
iUSGS), working in cooperation with the 
State of California and several U.S. universi- 
lies and institutes, have chosen a stretch of 
the San Andreas Fault at Park held, Calif., 
midway between San Francisco and Los An- 
geles, to concentrate efforts at monitoring 
ground surface deformation. The site was 
chosen for its relative “predictability": This 
stretch lias ruptured Rve times since 1857, 
about once every two decades. The geologists 
believe that the nexL rupture will lake place 
at Pnrkfield before 1990. 


The last two Parkfield quakes, in 193-4 and 
I960, were each preceded by a magnitude 5 
foreshock located 1.6 km from the main 


shock; each occurred 17 minutes before the 
main shock. According to geologists involved, 
this makes Parkfield a "uniquely well-be- 
haved" site for deploying networks of high 
precision to monitor ground deformation 
and precursory seismicity. 

Such a network is largely in place. The in- 
struments that make up this network include 
some SO high-gain seismometers. Data from 
these instruments arc telemetered back to the 
USOS at Menlo Park. Calif., and in some cas- 
es are computer-analyzed in real time. About 
50 strong motion instruments also have been 
deployed in give seismologists n reading on 


die actual quake. 


The geodetic network at Parkfield makes 


use of the large-scale geodimeter network 
used throughout California as well as a tw< 


used throughout California as well as a two- 
color laser geodimeter to measure movement 
along either side uf the fault. The laser gen- 
ii i meter records information from a dozen 
baselines from -1 to 8 km in length. Other in- 
struments deployed include downhole strain 
niLMsii lenient devices and low-sensitivity 
creep meters. — MVH 


Tropospheric 

Chemistry 

Research 


To answer basic science questions about 
mail's iulluciiLc on the earth's liuimsphcrc 
and how to protect it. a National Research 
Count il (NRG) panel has promised u long- 
term Intci national rcsc.irc.Ii program lo study 
global tropospheric chemistry. The juncl esti- 
mates dial initial f muling uf SI0-SS(J million 


per year will lie required, increasing yearly 
for the program's minimum 10-year life. 


According to the panel, this proposed ef- 
fort would hr different from existing atmo- 


spheric chemistry programs, sutli as those 
concerning acid precipitation, Tor two rea- 
sons: First, the proposal calls for a long-term 
ellori. not a short-term reaction to political 
pressures or, as noted by one member of die 
panel, “crisis response." Second, the panel 
emphasized the global framework and inter- 
national cooperation requested in the propos- 
al. According to panel members, many exist- 
ing studies are urban or regional in nature 
and tlo not have the scope required lo gain 
an overall undemanding of the complex tro- 
posphere. Existing programs arc seen os a 
foundation for what is envisioned as an all- 
encompassing program. 

Robert A. Duce, chairman of NRC's Global 
Tropospheric Chemistry Panel and professor 
at the University or Rhode Island, speaking 
at a briefing on October 17, in Washington, 
D.C., summarized the overall objectives of the 
project: To find out how and to what degree 
die biosphere controls earth's climate and to 
determine over what time periods this takes 
place. 

Long-term objectives of the program are: 
"1. To understand the basic chemical cy- 
cles in the troposphere through field investi- 
gations, theory aided by numerical modeling, 
and laboratory studies. 

“2. To predict tropospheric responses to 
perturbations, both natural and human-in- 
duced, or these cycles. 

“3. To provide information required for 
the maintenance mid effective (inure man- 
agement nf the atmospheric component of 
the global life support system.” 

S net i fie science objectives of the proposed 
study include evaluation of biological sources 
nf chcmiruls in the irujKisphcre, tletei initia- 


tion of the global distribution ol irate gases 
niul aerosol panicles, investigation of photo- 


Mcmbeis of the panel indicated that a fu- 
ture workshop, to be attended by 50-80 
members of the U.S. and international atmo- 
spheric chcmistrv community, will be held to 
begin pinpointing specific research needs 
within the framework of the proposal. A 
steering committee is row in the process of 
organizing this meeting.— DIVA 


Atlantic Hot Vent 
Discoveries 


By using the chemical concentration of wa- 
ter as a key to location, scientists from the 
National Oceanographic and Atmospheric 
Administration (NOAA) and several U.S. uni- 
versities have identified three new Atlantic 
Ocean sties of mineral-rich hot vents. This 
discovery brings the total number of known 
Atlantic Ocean vent sites to four. 

These Atlantic Ocean discoveries lead sci- 
entists to speculate that venting sites may be 
as prevalent in the Atlantic as they are in the 
Pacific. According lo Peter Rona of NOAA’s 
Atlantic Oceanographic and Meteorological 
Laboratory in Miami, Fla,, hot seabed verus 


were thought to occur primarily at fast 
spreading undersea ridges, such as those that 


exist in the Pacific Ocean, but not at the rela- 
tively slow spreading ridges, such as those 
found in the Atlantic. 


In 1982 a venting area was discovered in 
the Atlantic nlong the mid-Atlantic ridge 
about 2,800 km east of Miami. Large deposits 
of manganese were associated with the site. 
The latest discoveries arc located along the 
ridge, 800-1 ,600 km south of the original 
site. 


In related news, scientists at the Scripps In- 
stitute of Oceanography have reported the 


discovery of biological communities in the 
Gulf of Mexico similar to those found in the 


Pacific hot venl areas. 

According to Charles Pauli, a member of 
the Scripps Geologic Research Division who 
took part in the research cruise last February 
when the discovery was made, the Gulf of 
Mexico communities are similar in their biol- 
ogy but exist within an entirely different geo- 
logical setting. Chief among the differences is 


a lack of the high temperatures that have 
been associated with the Pacific vent sites. 


been associated with the Pacific vent sites. In- 
stead, scientists involved believe that the min- 
erals needed to sustain the communities ntay 
be supplied from the Florida escarpment. 
Paul) will present his findings at the AGU 
Fall Meeting, lo be held in San Francisco, 
Calif., December 3-7, 1984. 


Geophysicists 


Carroll Ann Hodges has been appointed as- 
sistant chief geologist for the U.S. Geological 
Survey’s Western Region, headquartered in 
Menlo Park, Calif. She succeeds G. Bren l Dal 
rymple, who has returned to research studies 
in isotope geology at Western Region head- 


quarters after serving as assistant chier geolo- 
gist for 3 years. Hodges joined the USGS 
Branch of Atuogeological Studies in Menlo 
Park in 1970. Her research has consisted 
mainly of topical studies and mapping pro- 
jects on the moon and Mars. She was princi- 

E al investigator in Apollo 16 geologic analyses 
sth before and after that lunar mission. 
Since 1982 she has served with the survey's 
Branch of Western Mineral Resources as 
chief of an international minerals resource as- 
sessment project. In 1980-1981, Hodges was 
the AGU Congressional Science Fellow on 
Capitol Hill. She is a member of the AGU 
Public Affairs Committee. 

Rafael N. Sanehei has been appointed visit- 
ing professor with the University of Buenos 
Aires and was accepted ns a member-corre- 
spondent of the Academia Nacional de In- 
genierfa, Argentina. Sanchez, a professor of 
Laval University, is currently on sabbatical. 

In Memoriam: 

Charier J. Daly, 34, died September 20, 
1984. A member of the Hydrology Section, 
he joined ACU in 1979. 

Paul A. Dutch, 68, a member of the Atmo- 
spheric Sciences Section, died recently. He 
joined AGU in 1963. 

Hiroyuki Fukuyama , 36, died in August 
1984. A member of the Volcanology, Geo- 
chemistry, and Petrology Section, he joined 
AGU in 1984. 



Precambrian Sulphide 
Deposits 


R. W. Hutchinson, C. D. Spence, and J. M. 
Franklin (Eds.). H. S. Rp6i»son Memmnl Vel- 
um, Geoi Assoc, of Can. Spec. Pap. 25, Geolog- 
ical Association of Canada. Toronto, Ontario, 
vii + 792 pp., 1982, $57.00. 


Reviewed by Bruce R. Doe 


This book is dedicated to Howard S. Rob- 
inson, who was born and educated in Lite 
United States, but who spent his professional 
career in Canada with McIntyre Porcupine 
Mines, concentrating on Precambrian mineral 
deposits. Although his career in mineral ex- 


ploration was distinguished, his major contri- 
bution to earth science was probably as one 


of the founders of the Geological Association 
of Canada, an institution to which he made a 
bequest in his will. With this background, the 
strong emphasis on Canadian Precambrian 
mineral deposits should come as no surprise; 
of the 23 papers in this book, 21 are solely or 
primarily devoted to Canadian deposits. The 
two exceptions— those describing the Balrnai, 


N. V., zinc mines (at times the largest zinc 
producer in the United States) ana the Cran- 


don, Wisconsin, volcanogenic zinc-copper 
massive-sulfide deposit (die largest deposi 


massive-sulfide deposit (the largest deposit of 
its kind found in the 1970's)— are each within 


a couple of hundred kilometers of the Cana- 


dian border. Although the title of (he book is 


more expansive than the actual topics dis- 
cussed, Canada is rich in Precambrian rocks 
and ore bodies, and Canadian scientists have 
been especially alert to tectonic influences in 
the formation of mineral deposits. These fea- 
tures, plus the fact that the country contains 
a very well exposed expanse of Archean 
rocks which is the largest in the world, facili- 
tate the study of early crustal evolution and 
make the book of particular interest to geo- 
physicists. 

The book comprises two parts. Part I, 
which may be of greatest interest to geophysi- 


cists, is composed of four regional papers: 
one on the Superior, Slave and Churchill 


chemically driven transformation processes as 
well as wet und dry removal processes for 
trace gases and aerosol particles, and the de- 
velopment <>( global tropospheric chemistry 
systems models. 

In its report, called “Giulia] Atmospheric 
Chemistry, A Plan for Action,” the panel sug- 
gested that funding wf individual investiga- 
tions and investigators could be* handled 
through already established National Science 
Foundation (NSF) and National Aeronautics 
and Space Administration (NASA) channels 
but indicated only that overall science man- 
agement of such a program should be as- 
signed to "an appropriate U.S. scientific orga- 
nization.” Other organizations expected to be 
involved include the National Oceanic and 
Atmospheric Administration (NOAA), the 
Department of Energy (DOE), (he Environ- 
mental Protection Agency (EPA), and the De- 
partment of Defense (DOD), as well as uni- 
versities, private research groups, and industry. 


AGU Lost Members 


Mail to the following members has been 
returned, and we are unable to locate for- 
warding addresses. If you have informa- 
tion on any of itiem, please contact AGU 
by mail or cnll toll free at RU0-424-248R. 

• Eric D. Leavitt, Calgary, Alberta, Can- 
ada. 

• David L Fowler, Rohnert Park, Cali- 
fornia. 

• David E. Harnish, Madison, Vflscon- 


models and airborne geophysics in its discov- 
ery- It also is the world's largest producer of 


• Lutz U. Schaefer, Mainz, West Ger- 
many. 

• Michael W. Tubman, Singapore.' . 

• David B. Wenner, Rondebosch, South 
Africa. 

.•James E. York, Anchorage, Alaska. 
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an border in the United Suites and is hosted 
in the correlative Belt Sit pci group. The rea- 
soning lor these kinds of omissions is given in 
the preface: 


Many important I’rvtainbi inn sulphide de- 
posits stc not ctHuitkiwl in die volume. Ab- 
sent arc those that have been extensively stud- 
ied and fur which tlHiiutigli description* and 
up-to-date genetic interpretations have recently 
been published. Specifically included arc newly 
discovered deposits and older ones Tor which 
only limited or nut-ilatcd information has been 
available. 


An excellent example of a previously unde- 
scribed world-class deposit is the chapter on 
the Crandon 7,n-Cu deposit in northern Wis- 
consin by E. R. May anti P. (». Schmidt. Fur- 
thermore, the airborne geophysical tech- 
niques of nernmagnettr.s ami elcurumagneiics 
played a key rote in discovery of the extent of 
the mctavolcnnic bell and the Crniulon de- 
posit itself. D. J. Robinson ami R. W. Hutch- 
inson propose a novel and controversial vol- 
cauogenic-cxhnlaiivc origin for the nickel-rich 
massive sulfide deposit at Redstone, Tim- 
mins, Ontario. The hook .should also be or in- 
terest to investigators of the tlccp-sca polyme- 
tallic deposits for comparison and model 
building. So although the book docs not fur- 
nish “one-stop shopping” on descriptions of 
Precambrian ore deposits uf Canada, it is the 
only or the best source on a number of them. 
It is sufficiently comprehensive so dial it will 
lead readers to other references ou key de- 
posits which may not be adequately discussed. 
At $57, probably not many geophysicists will 
want die book for their personal libraries, but 
they should make sure that their institution 
has it, and taking a look through it would be 
very worthwhile. I recommend beginning 
with the summary chapter at the end. 


Bruce R. Doe is Assistant Chief Geologist for the 
Eastern Region, U.S. Geological Survey, MS 95), 
Reston, \’A 22092. 


provinces by j. M. Franklin and R. I. Thorpe, 
a second on the Grenville province by A. L. 
Sangster and J. Bourne, a third on the Pur- 
cell Supergroup by T. Hoy (the Canadian 
equivalent of the Belt Supergroup in Cana- 
da), and the fourth on the Mackenzie fold 
belt bvl. D. Ailken. Much information is in- 
cluded in these chapters that is nut specifical- 
ly related to ore deposits. For just two exam- 
ples. there is a map of the greenstone and 
gneiss belts of Canada and another showing 
how the Grenville fits into a paleotectonic re- 
construction with the Oaxaca mcutmorphic 
complex and Svecononveigian province. A fi- 
nal paper by R. VV. Hutchinson (one of the 
world's leading experts in metallogeiiesis) 
summarizes the whole book and brings some 
sense of common theme to both the regional 
papers and part II on case histories, i.e. f die 
importance of heaLed submarine exhalations 
as a t unction of tectonic setting for the gene- 
sis of most Precambrian ores. The recogni- 
tion of the importance of submarine exhala- 
tions in ore deposition began in Europe with 
Schneiderhfin in 1 932, received support from 
Oftedahl in the late I950's, became firmly 
adopted in Japan in the 1960's, was intro- 
duced in Canada by the Australian R. L. 
Stanton in the late 1950’s, and only achieved 
some degree of acceptance in the United 
States by ihe mitl-1960's owing to writings of 
Charles A. Anderson after his visits to the 
Miocene Kuroko ores or Japan. Models built 
especially on Kuroko deposits of japan and 
the metal-rich brines of the Red Sea con- 
firmed that the mineralizing fluid was 
evolved seawater. Thus, although all people 
working in this area found the active hydro- 
(hermaTjeu at 2I J N on the East Pacific Rise 
to be exciting, exhalations were expected by 
researchers on ore genesis more than a dec- 
ade before their discovery. It is a case of a 
modern feature being predicted from the fos- 
stl record, and Canadian scientists played a 
full role in this development. 

con, P , '' s * n g 17 case histories, was a 
mild disappointment to me, although it does 
help support the contention, in the final 
chapter, that submarine emanations are a key 
feature. The Geco base-metal massive-sulfide 
deposit (paper 10) is a world-class ore deposit 
that is described by R. G. Friesen el al„ but 
the giant Kidd Creek deposit does not have a 
paper even though it has one of the most 
spectacular case histories in the use of genetic 


DOES YOUR LIBRARY 
SUBSCRIBE TO 

tectonics? 


tectonics is an International 
scientific journal, sharply focused on 
interdisciplinary tectonic research. 


Why should your library subscribe 
to tectonics ? Quite simply because It 
Is lhe best journal In the field. 


Published bimonthly as a cooperative 
effort between the American Geophysical 
Union and Ihe European Geophysical 
Society, each issue of tectonics con- 
tains original contributions tn analytical, 
synthetic, and Integrative tectonics. 


tectonics deserves a place in the 
library of your Institution or organization. 
This authoriialivo journal offers: 


I blgh-lmpect original articles 

I extanslvo loldouls ol maps and 
structural diagrams 
I stringent roleroelng standards, 
ensuring publication of superior 
papers 

I Immediate access to the leading 
edge of tectonic research 


I absolute resource lor scientists 
and students Involved In regional 
geology, structure, tectonics, end 
hard-rock geology 


silver,. Canada's lending producer of four oth- 
er commodities, and will produce as much 
copper as a medium-sized porphyry-copper 


deposit (at an ecological 3 to 4 times the - 

^ . Qf , EJ TphyTy uppers). Probably only 1 
Broken Hill, Australia, Is a bigger zinc depos- 

'iT i S 1 3 m Sudbury Feature and its famous 
nickel deposits do not have a chapter either. 


S 

To begin a subscription or to establish 
a standing order for this aerlaa* ■ 

have your librarian: 
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• -i CALL; 800-424-248B 7. 

(202) 462-6903 (lobal DCaref) or 
• outside the contiguous USA) : 

WRITE: American Geophysics! 

' .12000 Florida Avenue, Nw. •- . 1 

.Washington, P-C. 20000 ; E7 it3* ! 
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October 30, J984 EOS 


Geomagnetism of Baked / 
Clays and Recent / 
Sediments 

K. M. Greer, P. Tndiulku, und C. E. Du non 
(Eds.), Elsevier, New York, xv + 324 pp., 

1983, $53.25. 

Kevin ved by Edwud A. Mankinen 

This book is an outgrowth or the sympo- 
sium entitled “Time Scales of Geomagnetic 
Secular Variations," which was held at the 4ih 
Assembly of the International Association of 
Geomagnetism and Acrouomy (Edinburgh. 
U.K., August 1981). The volume includes 
many of the papers presented, which de- 
scribed paleomagnetic results horn both ar- 
chcologic materials and Holocene geologic 
deposits, as well as contributions solicited 
from other researchers in the fields of ar- 
cheomagneusm and palcomagnetism. In a re- 
markably shun lime after the conclusion of 
the symposium the editors were able to elicit, 
edit, and assemble a large body of material 
from 40 individuals into a thoughtful, well- 
organized product. 

The book is divided into lour chapters; the 
individual contributions constitute sections 
within each chapter. A comprehensive refer- 
ence list concludes each chapter. The first 
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Transactions, American Geophysical Union 


The Weekly Newspaper of Geophysics 

For speediest treatment of contributions, send 
three copies of the double-spaced manuscript in 
one of the editors named bcW and one copy to 
AGU. 

EdUor-in-Chief: A. F. Spilhaus, Jr.. Editors: 
Marcel Ackerman, Mary P Anderson, David A 
Brooks, Bruce Doe, C. Stewart Gillmor (His- 
tory), Clyde C. Goad, Louis J. Lanrrrotii, Robert 
A. Phinney; Managing Editor: Barbara T. Rich- 
man; News Writer 1 David W. Robb; Copy Edl- 
lorfWriteri Ruth Sochard; Production Staff; Ce- 
lia Kate Burkhalter, Dac Sung Kim. Palricia Li- 
chicllo, Lisa Lichtenstein, Sicvcn M.mslwrg. 
Kathryn M. Parian. 

Officers of the Union 

Charles L Drake. President; Peter S. Kaglcson. 
President-Elect; Peter M. Bell. General Secre- 
tary; Juan G. Rocderer, Foreign Secretary; 
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haus, Jr., Executive Director; Waldo E. Smith. 
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For odvrrhuiiz infotmuion, contort Robin E little, 
advertising coordinator, at 202-462-6903 or toll free 
at 800-424-2488. Advertising must be informa- 
tive and continent with the sciciuihc and educa- 
tional goals of AGU and is subject lo approval 
by AGU. Advertisers and their agents assume li- 
ability for ull content of their advertisements 
and for any claims arising liter efroni against the 
publisher. Offers in advertisement* arc subject 
to all laws and are void where prohibited. 

Copyright I (MM by (he American ('■cophysical 
Union. Material in diLs issue may be photocop- 
ied by individual scientists for research or class- 
room use. Permission is also granted t« iiso 
short quotes, figures, tmil tallies for publication 
in scientific bouks and journals. Kui permission 
for any other uses, contact die AGU Publica- 
tions Office. 

Views expressed in this publication do not nec- 
essarily reflect official positions of ihe American 
Geophysical Union unless expressly stated. 

Subscription price to members is included in an- 
nual duel ($20 per year). Information on insti- 
tutional subscriptions is available on request. 
Second-class postage paid at Washington, D. C.. 
and at additional mailing offices. Eos, Transac- 
tions, American Geophysical Union (ISSN 0090- 
394 1) is published weekly by 

American Geophysical Union 
2000 Florida Avenue, N-W. 
Washington, DC 20009 


Cover. Maps of the ionospheric electron 
density, ion temperature, electron tem- 
perature, and line-of-sight drift as a func- 
tion of UT and altitude during the May 
30, 1984, annular eclipse of the sun. The 
measurements were made by the Millstone 
Hill incoherent scatter radar, using a 46-m 
steerable antenna pointed southwest at an 
azimuth of 225° and an elevation of 15°. 
The intersection of the radar beam and 
center line of the eclipse was at 37*N, 
78°W ai an altitude of 300 km. At this lo-. 
cation the eclipse was centered at 1641 
^T. The electron density at 300 km de- 
creases to 70% of iu value before and af- 
ter the eclipse, with lhe minimum occur- 
ring 30 minutes after Lhe center of the 
eclipse. The ion temperature shows only a 
small change. The electron temperature 
shows a. 750 K decrease centered on. the 

eclipse time. The linerOf-sight velocity 
shows a perturbation near the beginning 
of the eclipse. (Figure courtesy ofj. M- 
Holt, Massachusetts IrisUtutQ of Technolo- 
gy Haystack Observatory, Westford, Mass. 
See news item “1984 Solar ’Eclipse." com 
iributed by j,. E, Snla|i.) 1 .. • . 




AGU STUDENT MEMBER SPECIAL 


BUY YOUR BOOKS 
AT THE 

AGU FALL MEETING 
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50% DISCOUNT 


two chapters are the shortest and provide a 
background for the rest of the book by dis- 
cussing die processes by which various mate- 
rials become magnetized and the methods 
that can be used to determine their age. Dis- 
cussed in chapter l is the acquisition of a 
ihermoremanent magnetization (TRM) by 
baked clays, a dctriial, or depositional, rema- 
nent magnetization (DRM) by unconsolidated 
sediment, and the processes by which these 
magnetizations are sometimes modified or 
destroyed. Also discussed is the lesser-known 
but archeologically important shear remanent 
magnetization (SRM), which is acquired when 
mud is thrown into a mold during the manu- 
facture of adobe bricks. Topics covered in 
chapter 2 include a description of palynologic 
correlation as a method of relative dating, the 
application of radiocarbon dating to sedi- 
ment, tree ring and varve chronologies, sedi- 
ment-dating methods using radioisotopes oth- 
er than 14 C, and possible applications of the 
thet-ntoluminescciice (TL) dating method to 
both baked clays and sediment. Although 
they are fairly brief the individual sections 
are well referenced and general!)' provide the 
reader with a sense of ihe capabilities and 
limitations of each method. Particularly wel- 
come is a discussion nf the sources of error in 
radiocarbon dating, which serves as a remind- 
er that analytically precise ages do not neces- 
sarily guarantee geologic accuracy. 

Chapter 3. the longest in the book, is de- 
voted to studies ol archeologic materials. One 
of the main objectives of these studies has 
been to const 1 uct curves of geomagnetic secu- 
lar satiation so as to obtain information on 
the nature of the field and to use these refer- 
ence curves as dating and cot relation tools at 
oilier urclieulogic sites. For secular variation 
studies to achieve their full potrnual, they 
must include measurements of paleoiniensitv 
as well as naleodireciion, and so the begin- 
ning of this chapter is devoted to a discussion 
of archcoimcMsllv methods. The Thelliers' 
method of paleointensity determination, 
which is a mainstay in paleomagnetic re- 
search, encounters special problems when it is 
applied to archeologic materials, and there- 
fore the reliability of some of the earlier in- 
tensity results is not known. The situation, 
however, is not so bleak as some of the dis- 
cussion may imply, and newer methods have 
been devised to overcome some of the earlier 
difficulties. Various alternating-field demag- 
netization techniques that are currently being 
investigated seem to show some promise as 
well. The rest of the chapter describes the re- 
sults of archeomagnetic investigations in dif- 
ferent regions of the world. Not only are 
summaries of previously published work pro- 
vided, but some new data and references to 
work in press are also included, which should 
ensure that this book will not rapidly become 
out of date. Although an enormous amount 
of work is required to construct the reference 
curves, much progress has been made in sev- 
eral of the regions discussed. Because so 
many archeomagnetic data are thus com- 
bined into a single source, the reader can eas- 
ily obtain a good idea as to the current state 
of secular variation research and can readily 
see how well the reference curves agree be- 
tween studies and over how wide an area 
some features can be correlated. This chapter 
will be of particular interest not only to ar- 

■ ..J in non* list* hilt a SO 


who could benefit from the use of thq 
variation records being developed.fql Al- 
though archeomagnetic studies an: providing 
many details on past secular variation, each 
point on a reference curve is a geologically 
"instantaneous" reading of the geomagnetic 
field. Archeologic materials do, however, 
have the advantage of being able to provide 
accurate, absolute valtie* 

Lacustrine sediment, on the other handj can 
provide essentially (MMnn £ if?. 
Star variation but only relative palcoiniensj- 
lies. Thus these two types of Mudmu can be ; 
complementary, and chapter 4 describes di 
progress' that is being made in the 3lud 7 0 
unconsolidated sedimenL (run f J: . 

surement prdceduf^. foliowed by sumiparin 

of resuUstrp'rii rapidly deposited, sedtment in 
Eufope. ^? r V h South America, and Atis- 
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tralia. The chapter concludes with a discus- 
sion of statistical methods of data analysis, in- 
cluding data smoothing, comparison of relat- 
ed records, and spectrum analysis. 

Overall, I find (iitlc to criticize in this book. 
Preparation of the text as camera-ready copy 
probably contributed to its timely publication. 
However, it is also somewhat harder to read 
than if it had been typeset, particularly be- 
cause many of die punctuation marks seem to 
have become faint and indistinct during the 
final reduction. Because a few of the figures 
may not he entirely dear 10 die uninitiated 
reader, the individual contributors might 
have paid rnoTC attention u> die figure cap- 
tions, although most of the figures arc well 
prepared and efteciivc. In general, the indi- 
vidual sections scent tu be of appropriate 
length for the topics addresser!. The text is 
well edited, and there are very few typo- 
graphical errors and little remaining jargon, 
such as "seriatimi dating." The editurs have 
also succeeded in their inlentiuit of having 
the volume ", . .read ns a book rather than as 
a collection of papers." Students and profes- 
sional geologists alike should find it a valu- 
able reference tvurk. 


Edward A. A/dnAiWH « with the Geolugic Divi- 
sion. II ranch of Isotope Geology. U.S. Geological 
Suirey, Menlo Path, Calif. 


Career and Family: 
Making It Work 

ACU Fall Meeting 
Wednesday, December 5 
6t00-8:00 P.M. 

Crystal Ballroom 
San Franciscan Hotel 

Connie Sancetta of Utmont- 
Doherty Geological Observatory 
will moderate a discussion of how 
best to balance active Involve- 
ment In a career with having and 
raising children. Panelists will be 
Tanya Atwater (University of 
California, Santa Barbara), 
Suzanne Beskl-Dlehl (Michigan 
Technological University), Laurie 
Brown (University of Massachu- 
setts) and Sylvia Garzoll (Lamont- 
Doherty Geological Observatory). 

This prog rani has been arranged 
by the AGU Education and Human 
Resources Committee. Refresh- 
ments will be available. 
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Positions Available, Services, Supplies, Courses, 
and Announcements: first insertion $5.00, ad- 
ditional insertions 5-1.25. 
fruitions Wanted: first Insertion 52-00. addition- 
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Student Opportunities: first insertion free, addi- 
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classified ads. Any type style that is not publish- 
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POSITIONS AVAOA8LB 

Faculty Position In Structural Geology /Tectonics. 

The Department or Marine, Earth and Atmo- 
spheric Sciences, North Carolina Stole University, 
has a tenure track opening at the Aasinant or Asso- 
ciate Professor level in the area of structural gco»- 


Po a t doctoral and Research Associate Position si 
INSTOC. The Institute for the -Studs of the Con- 
tinents (IN'STOCl invites applications for jhjsuIuc- 
taral and research positions in programs ini ol vine 
study of the continent si crust, including COCGKP, 
or to initiate new programs of crustal study. The 
I'h.D. is required, anrt experience in geophvsics or 
geology is desirabre Send vitae, list of publications, 
and letters of recommendation io Professor jack Ol- 
iver, Institute for lhe Study of the Continents, Snce 
Hall, Cornell University, Ithaca, NY 14853- 
An equal opportunity 'affirmative action employ - 


led to have 
tie taught in- 
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courses in structural analysis, tectonics, or other ar- 
eas of research activity. He or she additionally will 
be expected to develop a vigorous program or spon- 
sored research and to direct graduate student re- 
search projects at the MS ana PhD level. 

Please send complete resume and the names ol at 
least three references to V.V. Orarae. Search Ooti- 
tnittee Chairman, Department or MEAS, Norui Car- 
SKS ^^vertlivjRaleiRh, h|C 27698-8208; 
phone (919) 787-2212. Application* wdl be consid- 
ered as received, with a dosing date of January 15. 

10 Nonh Carolina Slate University is an equal op- 
poTUinlty/affirtualive action employer. 

Senior Hydrologist. The Monterey Peninsula Wa- 
ter Management District Invites applications for a 
position oT SENIOR HYDROLOGIST. The 
MPWMD is a small, progressive pluming and regu- 
latory agency that deals with problems ranging from 
designing a new water supply project lb groundwa- 
ter management and rlrcrbaiiR and watershed ero- 
sion. The preferred candidate wDI; have a MS or 
PhD and three yean of work experience: be a gen- . 
eralisr, able to deal with both surface and ground: 
Water, be able to.do independent research, applying 
modern techniques to applied problem!; be able to 
communicate effectively with; the Board or Directors 
.and the general public. Hilary comparable to USGS. 
The MPWMD is an equal opportunity employer, . 
and hoiicj 10 fill the position by January 1985. Send 
resume to Bruce Buel, General Manager. MPWMD. 
P.O.Box 85, Monterey,. CA BS940. . 


Congressional Science Fellowship. Opportunity 
for a onc-year assignment (September to August) or 
the staff of a congressional committee or a House or 
Senate member as an advisor on a wide range of sci- 
entific issues affecting public policy questions. 

Individuals who are ACU members and U.S. resi- 
dents are invited to apply. A broad background in 
science is expected, as the various duties entailed re- 
quire the applicant to be articulate, literate, flexible, 
and able to work well with people from diverse pro- 
fessional backgrounds. 

Public policy background is not required although 
such experience and/or demons! rat able interest in 
apjilyirt^science to the solution of public problems 

The fellowship carries with it a stipend of up to 
(28.000 plus travel allowances. 

How to aoDlv: 

Candidates should submit a letter of intent, a cur- 
riculum vitae, and three letters of recommendation. 
The letter of intent should include o statement of 
why the fellowship is desired, haw you qualify for it. 
what issues and congressional situations interest 
you, what role you envision as a songrcuianal sci- 
ence fellow, and what outcome you nope for in rela- 
tion to career goals. The individuals from whom 
you request letters or iccumnirndaimn should dis- 
cuss not only yuur professional competence, but ahn 
other aspects of your background that make you . 

E irltcularly qualified to serve hs a Congressional . 
rlence Fellow. 

Sedimentary Geocfaemlit/Ceologiit .The Depart- 
ment of Geological Sciences at Lehigh University - 
announces ihe availability uf a (enure track position 
at the Assistant Professor level starting September 1. 
1985. The successful candidate will be expected to 
teach both graduate and undergraduate courses and 
to maintain an active research program. Primary 
, consideration will be given to |1 iok whose research 
experience and professional Interests are in kiw- 
temperature sedimentary geochemistry, but nut- 
Standing candidates in reiaied research areas Will 
alio be considered. Tlic Department of Gcok«rical 
' Sciences has nine faculty members and some 3B 
graduate students- Research facllitiri Include autu- . 
mated XRF and XRD within the department; elec- 
tron microprobe; analytical SEM. TEM, AA. etc. are 


mated XRF and XRD will tin the department; elec- 
tron microprobe; analytical SEM. TEM, AA. etc. are 
available on campus. Respond with a letter describ- 
ing. research Interest^, full curriculum vita, and the 


Directors 


names of three references by December 15, 1984 lo: 
[Charles B-Sclar, Chairman, Department of Geologi- 
cal Sciences, Lehigh University, #31 Williams Half, 
Bethlehem, Pennsylvania 1 80 IS. Applications re- 
ceived a her December 15 may.nol ue given full con- 
.slderadan. '■ 

i . Lehigh University U an -equal opporlunliytalfi r*. 
niatlvc action employer. Women arid minorities are 
especially encouraged to apply. 
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SelraologUt/Northcru Illinois University, Depart- 
nwnt of Geology. The Department ol Gcntiigy 


i«ks to fill a tenure track position in Geophysics ai 
(he rank or Assistant Professor beginning August 
15, 1985. Candidates with postdoctoral experience 
in applied scisinohigv and whose research will in- 
volve students, in field programs are most desired - 
The successful candidate will be expected to partici- 
pate in and enhance an aggressive research pro- 
gram, teach at both the graduate and undergradu- 
ate levels, and interact with faculty and students in 


geophysics, geology, geochemistry mid hydrology. 

'Inc Department, which n tiers hulli the M.S. and 
Pli.D. degrees, is conntoactl of 15 faculty active in a 
wide range of research programs. Pertinent equip- 
ment owned by the Department includes a mini- 
computer, several magnetometers and gravimeters, 
a seismometer anrl a marine seismic system. Appli- 
cants should send a letter nf application, resume, 
statement or research interests, and the names of 
three references to: Chair, Geophysics Search C.'uni- 
mlnce. Department of Geology. Northern Illinois 
University, DeKaib, I [. fiOl IS.' 

Application ttautliiHMS January 15, 19H5. 

Northern Illinois University is an equal opportu- 
nity^ flirm alive iictifin employer. 


it al with broad interests wlm will complement active 
research programs in scumnkvgy and earth struc- 
ture- Preference will be Riven to candidates trim ertn 
teach existing courses in pljte tmonics. gcuniagnc- 
lluit and/or jrcoctcctriciiy. 'l l* su«xssr«rir, indicate 
nnul have a Ph D. degree and will lie cxpccntl | U 
maintain an active research program, to teach geo- 
physics courses at the under graduate amt gratltiuic 
levels, and lit supervise graduate student research. 
Tile appliralkm deadline is JaniLtry J5, IWSfl. Ap- 
plkanls should tend a curriculum vitae, u statement 
of research and lent liiug interest ami the iiaines of 
■1 professional reference* to: 

Dr. Brian j, Mitchell, Chairman 
Department of Earth ami Atmospheric Sciences 
Saint l-oois Ihiiversuy 
PO Box 8090— I -a ledc Station 
St. laiuis, MG 9.11515. 


Saint lamis University is an ulfuni.ilivL- Hiitmt/ 


ei|u.d opportunity employe] 


College of Ceoscieiices/UiiivcraiEy of Oklahoma. 
Apprii uiioits and iininiiiatiom are iovited fnr the 

( xisiliuii or Director of the School of Geology and 
lemihysh*. 'Hie DJicctor is expected to have a 
Pli.n. nr equivalent, a strong, (ingoing research pro- 
gram and administrative cxpcricin r; industrial 
experience helpful: field of geological specialization 


open; to begin July I, I'lHfi; salary - to Ik: negotiated. 
In IDHfi, the Sc I tool will more into the new 


300,000 iq. It. Energy Gcttler :dung with other ele- 
ments of the College of (fooKienrcs; the Oklahoma 


Geology Survey;: and the School of Petroleum and 
Geological Engineering and else School of Chemical 
Engineering and Materials Sciences, hut It I rum the 
College nf Engineering. 

Applications with curie u hi in vitae, mimes arid 
andrcies nf three references, and/or noiniru linns 
should be sent to: 

Er.iiu is G. Stehli, Dean 
College nl Geosciences 
University of Oklahoma 
6 Ul Elm Street. Room 438G 
Nor nun, Ok 73019. 

^ (aimideraticin ol apjalication* will begin January 

The University of Oklahoma is an Equal Oppor- 
tunity/* flit mativc Attiun Employer. 


Research 

Groundwater 

Hydrologist 


Argonne National Laboratory's Geo- 
science and Engineering Group seeks a 
groundwater hydrologist to conducl in- 
novative research and to assist in the 
assessment of groundwater problems 
related lo energy technologies. 


Considerable knowledge of ground- 
water transport processes and experi- 
ence in ihc use and development of re- 
lated numerical models are required. 
Experience in research on the relation- 
ships between Held data and model re- 
sults is desirable. Strong written and 
verbal skills are necessary. The levels 
of knowledge and skills required will 
typically have been acquired through 
advanced formal education and several 
years or relevant experience ttnd have 
been documented in publications. 


On-going studies rein led lo the siting 
of high-level radioactive waste reposi- 
tories provide n variety of challenging 
groundwater problems. Argonne oilers 
excellent computing and support facili- 
ties which will provide Ihc opporl unity 
lo initiate activities in basic or applied 
groundwater research motivated by oth- 
er cncrgy/env ire time nl concerns. 


Responses should be directed to: 
Rosalie L. Dot lino, 

Box EKS-22537-SU, 
Argonne National La bora lory, 
9700 South Cass Avenue, 
Argonne, IL 60439 


An Equal Opportunity/ 
Affirmative Action Employer. 


Hydrologist. Monterey, California. $1,887 in 
$2,29? per month plus benefits. Requires BS in Hy- 
drology. computer programming skills and three 
ycarx'expcricnrc. Apply by 5:00 p.m. November 
15, 1984. Send resume lo Monterey Peninsula Wa- 
ter Management District, P.O. Dux 85. Monterey, 
California 93940- Call 408-049-4868 for job flyer. 

EUE. 


Texas Tech UniveraUy/GeopfcyilcIsi or Clastic 
Sedlracntologiil. The Deportment of Gcoicicnres 
ai Texas Teen University seeks applications Tor a 
tenure track oositiun in die fields of geophysics or 


tenure track position in die fields of geophysics or 
clastic sedimentology lo begin August 19B5. Rank 
and salary will be commensurate with qualifications. 
The Pli.D. is required. Entry-level applicants will be 

K 'vctt preference. The primary responsibility would 
1 to teach both graduate ana undergraduate 
ratines in geophysics or deposition*! systems and 
sedimentology, his/her specialty, and introductory 
geology. The person will be expected to initiate a 
research program and lo direct MS and Ph.D. grad- 
uate students. Send a letter of application with com- 
plete curriculum vitae and names of three refer- 


nice* to Dr. Alonzo D- Jacka, Chairman of Geosci- 
ences, P.O. Box 4109, TTU. Lubbock. TX 79409. 


Salnl Louis University, The Depart ntcnl of fjirlli 


Texas Tech is an equal opponuntiy/aflinnauve 
action employer. Applications deadline: January 31, 
1985. 


Seiunolojriit/Unlvenlty of Unit. The Depart- 
ment of Geology and Geophysics at the University 
of Utah seeks applicants for a tenure track faculty 
position in seismology at the assistant to associate 
professor level. Applicants with backgrounds and 
specialties in seismic imaging, seismic reflection or 
theoretical seismology wlU be given preference. The 
individual will be expected to leach undergraduate 
and graduate courses and to pursue an active re- 
search program with graduate students. A seismic 
Imaging laboratory with a VAX 1 1/730, FPS array 
processor, plotters, and processing and synthetic 
seismogram software is available to the successful 
candidate. Current research in seismology includes: 
earthquake research utilizing a PDP 1 1—70 comput- 
er; monitoring of the I titer mountain seismic belt by 
an 83 station telemetered network ul Hiring an on- 


line PDP 1 1-34 computer: major experiments in 
seismic refrarlipti and reflection profiling Tor crustal 
stmt lure; and allied research in lectotiophyiics. The 


npporl unity exists to participate with several other 


faculty in an integrated program of tec tonics, seis- 
mology .mil sediment oh jay directed toward mistul 


otology amt ledinietiiology directed toward mistul 
studies dnd petroleum exploration. The geophysics 
component of the depot intent has arrive research 


nmj teaching programs in electrical and elettnintag- 
iielk methods, thermal pro|>cnlcs of the earth, po- 
tential holds, and seismology. The department has 
dene asst trial in ns with the umncriral analysis and 
data professing groups in computer iuence. deem- 
ed engineering ami mathematics. The rinsing dale 
for applications is December 31, 1984, and the u|>- 
point men i dale is September 15, 1985. A Pli.D. is 
requited for this posit it it i. Applicants should luhnut 
a ma. Iran scripts. ,t letter describing his/her re- 
search and teaching goals and names of five (tenons 


search ami teaching guols and names ul live tterson; 
for reference. Qualified persons should semi their 
applications to William P. Nash. Chairman, 

Depart met of Geology .it id (icuplivsics. University 
of Utah. Salt lake < V Utah Ml 12-1 183. 

The University of Utah is an equal opponunily/ 
aflirin.ilivr m-iinii employer. 


Flttcully Positions in Geochemistry and in 
Ncotrctonlcs. The Slate University or New York 
at Binghamton invites applications for tenure track 
positions in these two areas beginning August, 1985. 
The appointments will be at the assisiant or junior 
associate professor level and will require completion 
of the PhD prior to this date. The candidates must 


demon time potential to develop a productive re 
searcli program as well as teach at the undergradu- 
ate and graduate levels. 


The geochemist should have primary interests' in 
some aspect of low temperature geochemistry. The 
neotectonin should have some interest and experi- 


ence in study of scdimentologic and/or geomorphic 
processes and products a* well as tectonic ones. Ap- 
plicants should send a resume and names of three 


persons who can be contacted for references to: J.R. 
Beerbower, Department or Geological Sciences and 
Environmental Studies, State University of New 
York. Binghamton, NY 13901. 

The State University of New York is an affirma- 
tive action/ equal opportunity employer. The dosing 
date for this position is 15 December 1984. 


Visiting ApoaitumenU/Princelnn University. A 
limited number of one-year visiting appointments, 
with the possibility of renewal, arc available on a 
Competitive basis for new and established Ph-O.’s to 
carry out research in dynamics and predictability of 
the atmosphere and oceans, climatology, atmospher- 
ic and oceanic chemistry, basic geophysical fluid 
dynamics, and solid earth geophysics. Successful ap- 
plicants wiki have access to the facilities of the Geo- 
physical Fluid Dynamics Laboratory /NO A A. Infor- 
mation and application forms can be obtained from: 
Chairman, Visit ingSeien list Selection Committee, 
Geophysical Fluid Dynamic* Program, Princeton 
University, P.O. Box 308, Princeton, New Jersey 
08542. 

Princeton University is an equal opportunity em- 
ployer— M/F. 


Postdoctoral Poaitlon/Oregoo State University. 

Research Associate ( postdoctoral), at Oregon State 
University's Cooperative Institute for Marine Rc- 


Univcmty's Cooperative Institute for Marine Re- 
sources Studies. Expertise in physiological and 
chemical ecology with interest in inicraiTiom of hy- 
drothermal vent fauna with the unique biogeochcm- 
ical properties of their environment. F 'amiliarity 
with Uate-of-lhc-an analytical techniques (CC, G(V 
MS. MPI.CJ highly desirable. One (I) year, renew- 
able for a second year subject to approval. Send 
C.V., names and addresses of three fly references 
bv 30 November 1984 to Director, LI MRS, Hatfield 
Marine Science Center, Newport, Oregon 97365. 

OREGON STATE UNIVERSITY, AN AFFIR- 


MATIVE ACTUIN/KOUAL OPPORTUNITY FM- 
PI-OYKR, COMPLIES WITI I SECTION 503 OF 


THE REHABILITATION ACT OF 1973. 


Harvard Unlvcrally/Faculty Position in Petrology. 

I ltr Department of Geological Sciences. Harvard 
University, invites applications fur a faculty position 
in petrology’. We are interested in persons con- 
cerned with tite mineralogy and the major and/or 
trarc element chemistry ol meianiurphic and Ignc- 
iiiii rucks in rcl.itiun id their geologic and tectonic 
setting. Experience with iniNlent methods for the 
study of natural rotks, Ixzlli in laboratory uml in die 
field, » cswriitiul. The successful applicant must 

llll-n lllA HI. n I... a >! ' r I 


have the PIs.D. degree by the lime iff appointment 
mid demon*} rated rapahifilies tu conduct original 


DEAN 

COLLEGE OF ENGINEERING 
Colorado State University 


Nominations and applications are invited for the po- 
sition of Dean of the College of Engineering. Colorado 
State University is a comprehensive research univer- 
sity of 18,000 students, located 60 miles north of 
Denver. The College of Engineering has 1,400 under- 
graduate and 400 graduate students in the depart- 
ments of Agricultural and Chemical, Civil, Electrical, 
and Mechanical Engineering, Atmospheric Science 
and the Engineering Science major. Each department 
offers MS and PhD programs. The College has 110 
faculty who annually conduct about $15M of contract 
and grant research in support of the graduate pro- 
grams in the five departments. A new computer-as- 
sisted engineering center serves the entire College. 
Applicants must have a doctorate, be tenurable in 
one of the departments, have a distinguished record 
of publications in scholarly journals, experience in 
contract/grant activities, and have substantial teach- 
ing and administrative experience. The Dean is ex- 
pected to provide leadership for the undergraduate 
and graduate teaching programs as well as the re- 
search activities. Salary will be commensurate with 
comparable positions at other land grant institutions. 
Applicants should send a letter of intent, a r6sum6 
and also ensure that five letters of reference are sent 
to Dr. Robert D. Phemister, Dean’s Search Committee, 
Office of the Dean, College of Veterinary Medicine 
and Biomedical Sciences, Colorado State University, 
Fort Collins, CO 80523. Applications must be re- 
ceived by January 15, 1985. 


Colorado Stale University is a EEO/AA employer. Equal Oppor- 
tunity office: 314 Student Services Building, Colorado State 
University, Fort Collins, CO 80523. 


South Dakota School of Mine* and Technology. 

The Department of Geology and Geological Engi- 
neering is seeking applicants for a full-time tenure 
track position in geological engineering beginning 
fall 1985. Applicants should have a Ph.D. degree nr 
commensurate experience including "Registration” 
in geotechnical or petroleum engineering or gcohy- 
drology and will be expected to teach at both under- 
graduate and graduate levels as well as conduct an 
active research program in their field of specializa- 
tion. 


A WORKSHOP ON 
ODP DRILLING IN 
THE N.E. PACIFIC 


The Department has an undergraduate enroll- 
ment of 200 majors and a graduate enrollment of 


60. Field applications are emphasized. Interested 
person* should send a resume and three letters of 
recommendation to Alvis Liscobcc, Department of 


Gedtogy/Gculogical Engineering, Smith Dakota 
School of Mines and Technology, Rapid City, SD 
57701. 

Deadline for applications is February l . 1985. 
SD5M&T is an equal opportunity employer. 


Graduate Fellowsbips/Unlveraily of Oklahoma, 
r 1 f 1,e f ? ch ? Ql of GeQ l°Ki an d Geophysics offets 
[clwwhtpt far Ph.D. study in each of the following 
broad disciplines; (I) origin, ascent, nod fraiiion- 


, ,r *•***•■ *« w vi uiv- louuwmg 

broad disciplines; (I) origin, ascent, nod fraction- 
ation trends m magmas and associated ore deposits; 
(2) formation and tectonic evolution of continental 

III hmnhr re inrlaiilinir .rnnkMir.! — — -- ■ 


r L l. ■ V i- cvuiuuon or continental 
lithosphere, including geophysical properties and 
structures of the upper crust; and {3) sedimentary 


r' ,';,r r'-' uq h.-\j m urinary 

processes, including organic aiul inorganic diagcnc- 
sts, evolution of hydrocarbons, and correlation using 
biusiratigrctphic methods. Avenge fellowship sti- 
pends arc for $10,000/9 month and are renewable 
annually on a competitive basis. Fellowship awards 
mdude a waiver of out-of -stale tuition and fees. 

r'ro ? r „ U ? 0,D ?y a, ) d G™physfcl presently 
consuls oflQfuJNt me facility. Reseat eh facilities in 
the school include a stable isotope laboratory; nr- 

nanir nnvhpmi,in< ‘ . 


. ««auiv uuiupi- iduoraiurs; c*r- 

^ nK RCocnemistry laboratory; coiiiptiicr automated 
X-ray uinractiqn and flnuresccncc equipment j 


A-ray mi traction anu ItnurescciKC equipment ; 
moniic absorption and neutron activation analysis 
equipment; scanning electron microscope wklt ener- 
gy dispersive analyzer; transmission electron micro- 
scope; fission-track dating laboratory; fluid indu- 
iioii nncrotlicrmoinctry faboratoty; 2 kb liydrother- 
ntal laboratory for phase equilibrium experiments; 
IiIr i-prcssiirc rock mcclttiniu laboratory; paleotnag- 

r l ‘ S ra l°a"; l,h “ cr >'9Kcnic magnetometer arid 
tncrmal and AV dcntagnctizaiion apparatus; 24-, 

i iv M n «,: ° l P llal ,cljn ! ic recording sys- 


INPAC (Internatlunnl N.E. Pacific 
Activities Consortium) announces a 
workshop lo further define a drilling 
program in the N.E. Pacific using the 
new ODP drilling ship SEDCO/DP 471, 
which is scheduled to be in the region 
in summer 1990. The workshop will 
take place at Hie School of Oceanogra- 
phy, University of Washington on Feb- 
ruary 20-22, 1985. The Ihree-fold focus 
of the proposed integrated, mulll-disri- 
plinary drilling program will include: 
l) ridge creal processes on the Juon de 
Fuca Ridge, 2) convergent margin pro- 
cesses oft the Washington, Oregon, 
and British Columbia coasts, and 3) pa- 
leo-oceanography of the N.E. Pacific. 
The purpose of the workshop will be 
to further define major scientific prob- 
lems that can be addressed by drilling, 
to identify possible drill sites, to pre- 
sent the results of relevant on-going 
scientific programs in the area, and to 
organize the data gathering and syn- 


thesis necessary to write a comprehen- 
sive drilling proposal to JOIDES. The 
two and one half day workshop is 


m _ I ■ ’. ■'***' ■"xii-resoiuiioi 

grannies iuul image-display terminals, with seismic 
mid image processing software; and a 84,000 vol- 
^ anri K cu l ,l, y sIa library located in die 


open to all parties who have an inter- 
est in the drilling program in the N.E. 
Pacific. Interested parties should write 
to the INPAC Committee, c/o Paul 
Johnson, School of Oceanography WB- 
10, University of Washington, Seattle, 
WA 98195, prior to 1 December 1984. 


-o- , aurasiqiv, 4IIU a p'l.HUU VOI- 

nnri Rcupliysla library located in die 

uc nan moil. 

ror further informal ion on faculty and active re- 

h OrtUCCIs. mnlnri- Vn.-in e , I , 


and dcmonslraiifi rapahililies to (dikIuli original 
research and to teach Ixith undergraduate anil 
giadtiatc students. Iltc apiNtinlnieut will be made at 
the Assistant or Associate Professor level dcucnilinir 
an qualifications and experience. The 19B4/85 sala- 
ry ranges nrc $26,600—528,200 fnr Assistant Pro- 
fessor and $30,&QD— 433,600 for Associate Profes- 
sor. Appointments arc made Tor an initial term or 
tip to five yean. Interested applicants should send 
vita, bibliography, and names of three references to: 
Professor Adam M. Drlcwdnski 
Harvard University 
Hoffman Laboratory - 
20 Oxford Street.. 

Cambridge, MA 02138. 

Harvard University is an equal opponuqlty/alftr- 
maiivc action employer. Women aqtf minorities are 
encouraged to apply, 


^w! tary , p **^««»rt/Wright State University. 
niu!l? ® c C ar,nM ?« , l o" Geological Sciences inrites ap- 
pitrauans for a tenure track position in sedimentarv 
af fhe astatam profcisor level beginning 
nt^” 1 iL l98B, ' c » n didaies must have an inle® 
^Jtt'hn^r P? ? 10 roc ^ t f ai, d basin analysis. Preferchcc 
iJlwCW “P 5 *)’ e of teaching imroduc- 
toryjjalcontohjgy Tlic Department has a large M.S. 

E cxpan f 1 0ieir radituemary 

PF|[? b W' F 8"^ Applicants sirouid expect to cbm- 
pfeie alTrequrretijenui for the Ph.D. inVoloeiraJ 

field by September ra&nd 

. Wrigfil $tote.;Uniteraiiv.I» an I j '.S 


SeUraologlsu The Department of CeolbgkaJ [Sci- 
ences at the University of Texas at El Pa» antici- 
paics a tenure track position for a selsmologut be- 
ginning September l. 1985. Applications would ; 
nave a strong commitirtoiil lo research and tnicrcsis 
which complement our ongoing efforts in litho- 
spheric seismology. Our geopltysics group U 
ally well equipped In terim or field, wboratory, and .• 
computational facilities. There ?rc three gcopnfli' 
cult in I tin rUrvjrl mrmi n F CVnlnwiral SaCDCCS WllU 


• tions u janitary 15, 1985 “ ., • as at tl Pasp r El Paio. fej 

... . . h. . nitwafftirnativd aiiidn rnii 




20. A doetp^te is required, and Ihc fl P2?! ll,[I !^ 
will be at the Assistant Professor level. The rawT.- 
levtl will be cbmpetidvc. Send resume and M ,rec ’ 
ters of- reference id; Dr. C.R. Kcller, Ghttirumn. u* 

nity/aTtripativd action ejttplpy^ri ; ■ \ .. 




October 30, 198 ! EOS 


Physical Oceanographers. The Physical Oceanog- 
raphy Branch of the U.S. Naval Oceanographic Of- 
fice seeks full-lime Oceanographers Tor Hie study of 
the effects of oceanic current and ihermal/dcnsity 
structure on undersea systems using data collected 
from various platforms for a variety of projects. 

The projects involve (lie reflection, analysis and re- 
po fling of physical oceanographic data directly ap- 
plicable to rclcvaut Navy environmental require- 
ments. Up to 50% field duty may be required. 

Mutiple vacancies at the GS-7, 9 and 1 1 levels are 
available depending upon qualifications and experi- 
ence and will remain open until filed. Salary range: 
$17,221 to $33. 139. 

Please contact (for required forms); Debra Sta- 
ples, #NQ0-72(84), Commercial (MH-G88-5720, 

Auto von 485-5720, or ITS 49-1- 5720, U.S. Naval 
Oceanographic Office, Management Sc Personnel 
Division. Personnel Operations Branch, Code 4320, 
Day Sl Louis, NSTL, Mississippi 39522. 

University of Utah: Structual Gcology/Tectonics/ 
Tectonopnysics. The Department nl Geology and 
Geophysics at tite University rff Utah seeks applica- 
tions for a tenure track position in structural geolo- 
gy, tectonics or tcaouopUysics. It is amitipaicd that 
Inis position will be filled at the assistant professor 
lever, but applications by mure senior persons will 
br considered. Tite pattion requires a Ph.D. with 
emphasis In structural geology, regional tectonics or 
teclonophysics.. The new faculty member will have 
the opportunity tu leach in the area of his or her 
specialty and may also he assigned introductory lev- 
el courses. Ihc successful candidate* will be expected 
to establish a vigorous research program involving 
graduate students. The person who fills this posi- 
tion will join an active program in structural geolo- 
gy and tectonics that includes both field projects 
and integrated gcology/geo physics am mechanics/ 
fluid chemistry studies of simciurcs in the western 
Cordillera. There is an excellent opportunity to col- 
laborate with other faculty in structural geology, 
sedimentology, geophysics, geochemistry and petrol- 
ogy. A vita, copies of publications, names of ifirec 
persons that may provide references, and a letter 
outlining the candidate's research and teaching in- 
terests should be sent to Dr. William P Nash, Chair- 


™ flowing disciplines-. Spare PUsma 
P|iys|a, ekrtromagneiic waves, and lolar-terreurial 

esiahlhi.I5 C CKpCCI ,l, V uafuful candidate to have 
til™ ? °V ,a[a " d, ng reputation documental* 


„ r „ duu ouicr reewn 

Hon front appropnaic professional societies. 

It is expected that this individual will develop a 
research Dirwmm In nn, n r ■ J_ 


gnuns within the STAR Laboratoiy ana, nimbly 
wdi other activates within i the Stanford CWr for 
&, a ». Astrophysics. It is expected that 
this individual will have a strong background in cs- 

T St 1 ?! "Uier in the laboratory or in 

the field, including die environment of space; ex- 
perimental act mtics in either laboratory or space 
plasma physics would be regarded as good qualifica- 
tions. However, dose association with theoretical de- 
yctopmenu in plasma physics and/or clcctromaimei- 
wjB Jjarly bedesired. It is al» expected 
tnat the individual will have a demonstrated capabil- 
ity for securing federal or other rescardi grant sup- 
port. or be deemed by the selection committee of 
being capable of securing such funds. 

It is anticipated that the person chosen will devote 
the major pan of his or her time to research activi- 
ties. However, there is an opportunity for patlicipa- 
npn in academic reaponsibiliues of die Electrical En- 
gineering, Department, including, when lime per- 
mits. leaching graduate and undergraduate classes, 
rerving on various committees of the department, 
School of Engineering, and the university. It is ex- 
pected that the person chosen will participate active- 
ly m the training of graduate students. 

The Chairman of the selection committee for this 


1984 with the appointment starting in September 

The University of Utah is an equal opportunity/ 
affirmative action employer. 


Postdoctoral Fellowships 
at the 

Wooda Hole Oceanographic Institution 
OCEAN 8CIENCK and ENGINEERING 
Applications an Invited from new or recent doctorates i n 
■ris nee or englneerina with interests in physical ocesno- 
frsphy, marine chemistry, marine Kenli>gy snd xeuphya 
ies. biological oceanography, nr oceanographic 
engineering. Recipients of awards are selected un acorn 
peiitive basts, with primary emphasis placed nn 
research promise. 

Fellowship# ora awarded for one yeor with a stipend of 
12 .1,100 plus group health insurance and a modes l 
research budget. Recipients ore encouraged In pursue 
their own research interests independently or in nssocin- 
lion with resident stnff Completed applications must be 
received by IS January 1985 fnr HtSTvHd uwurdu 
Awards will be announced by I March. Write for applica- 
tion forma to 

Dean of (iradualc Htudlet 
P.O. Ilox 8 

Wooda Hide Oceanographic Institution 
Wooda Hole, Moaaachuaelta 02548 
Kqual Opportunity Afftrmaluf Action Inititutmn 


8eUmolo«lst/Oh!o State University. The Depart- 
ment of Geology ami Mineralnay, 1'lie Ohio Slate 
University, invites apjilicalions Tor n leiiure-iriick 
poiilion tor a seismologist with research interests in 
crustaj geology anti tectonics. 'Hie successful appli- 
nnl must be prc|>ared to aisisi in icarhing cxplora- 
lion geophysics courses, advanced tojiics m hiifltcr 
speciality, cuiulurt irseiurh, and siqiervise gnuluatc 
students. Postdoctoral or industrial experience is de- 
sirable. Runk anil salary imimicnsuniic wilts cxjicrl- 
tticc and research record. Please send appUciiilnnt 
or noniiiiiitlons to: 

Dr. Kidph R.H. v«m Frese 
Ghairman, .Search Gommlttec 
Dcjiarinicm of Grelugy and Mineralogy 
The Ohio Slate University 
Columbus, OH 43210. 

Telephone; 011-422-5035 or 422-7221. 

Applications siimiltl include a resume, a statement 
or research interests and three persons whom we 
may contact for recommendations. The closing dale 
r °J applications is December 1, 1984; appointments 
wDI be effective no later than October I, 1985. Ad- 
Ollfonal Information can be ubiaincd by writing or 
talung the chairman nr the search committee. 

The Ohio State University is an equal opportuni- 
ly/afTirmallvc action employer. 

Gosmochctnlalry Faculty PosUlon/UnlversIty of 
Anxana. The Depanmem of Planetary Sciences 
and die Lunar and Planetary Laboratory invite ap- 
phcaitons in a continued search lo fill a iiaic-Jjuncl- 
w. tenure track position In costnocltctnislry. The 
arca °!l*P«iaIkation within Cosmochentistry i* 
o pen, Tite appointment involves research, teaching, 
and the supervision of graduate students. The suc- 
ceuful candidate will be cither at a junior level with 
extraordinary promise of scientific accomplishment, 
“well as die potential for devefopingsubsiantiai 
•eaderihip capabilities and an International scientific 
reputation, or will be at a senior level having al- 
ready demonstrated these qualities. Applications, in- 
cluding a resume and die names and addresses of 
■our individuals who could serve as professional ref- 
enfiKes, should be sent, by December 31, 1984, to 
nnfessor Eugene H. Levy, Head, Department or 
AZ 857 ?l ® aerlCM, University of Arizona, Tucson, 

The UnivcralLy is an equal opportunily/alfirmB- 
*** «tion employer. 


AGU STUDENT 
MEMBERS : . 
Special 50 % , discount 
on "paid & carried" 
books at t^e AGU 
Fail Meeting. Ask 
at booth for details. 


-- — - — /• w>sirs>aii|| diHzuurv, 

California 94305. Other memben of the selection 
committee include Professor P.M. Banks, Professor 
R.N. Brace well, Professor L-R.O. Stotey. and Pro- 
fessor L Tykr. 

Application deadline it Nmvmbei 15, 1984. 

High Altitude Observatory Scientific Visitor Pro- 
gram/NCAR. Scientific visitor appoininieuu at 
the High Altitude Observatory are available for new 
and established Ph.D's for up to one year to carry 
out research in solar physics, solar-terrestrial phys- 
ics, and related subjects.' Applicants should provide 
a curriculum vitae, including education, work expe- 
rience, publications, the names of three scientists fa- 
miltar with their work, and a statement or their re- 
search plans. Applications must he received by 15 
January 1985 and they should be sent to: The HAO 
Visitor Committee. High Altitude Observatory, Na- 
tional Center Atmospheric Research. P.O. Pox 
3000. Boulder. Colorado 80307-3000. 

NUAR is an Equal Opportunity' A formative Ac- 
tion Employer. 

Yale University /Sol id Earth Geophysjea. The De- 
partment nf Geology and Geophysics is soliciting an 
plications lor a junior faculty {tusitiuii in lolid-eaun 

K livsks in begin in the academic year 1985- 
. Areas nf interest to the depart incut include 
seismology, exploration geophysics, mechanical anti 
phvsicjl properties of tucks ami minerals, geomag- 
netism. irciunophysicj, and geodesy. Curriculum vi- 
tae. publications and the names of ihrec or more 
referees should be sent by December f, 1984 lo 
Karl K. Turckian. Chairman, Department of Geolo- 
gy jmi t it'riiihvMiV Yale L 1 ni versus . Box 666b. New 
Haven, (.!' 0651 1. 

Yale University is an equal opponuniiy/afnrma- 
tivc anion cinplrtyer and rncour agej applications 
from all qualified scientists. 

Scdlmenlologist-Occonogrspher/Texas Aft;M Unl- 

veriity. Applications are invited for a tenure 
track faculty jtosiiion in the general field of marine 
scdimcniatogv. The pnsiiinn will involve graduate 
level teaching and supervision or graduate student 
research. The successful applicant will have demon- 
strated excellence In or b strong potential for inde- 
pendent rescardi in the field of marine sedimenta- 
tion. 'flic position is available beginning September 
1, 1985. Salary and rank will be commensurate with 
experience and qualifications. Applicant* arc invited 
to submit curricula vita, copies ol publications, 
mimes of three persons who may serve as refer- 
ences. awl a letter outlining the appbcanis teaching 
and research interests by Dreember 31. 1984. '° 
Robert U Reid, Distinguished Professor and Head, 
Uepanmeni of Oceanography, Texas A&M Univer- 
sity, College .Station. Texas 77843. 

Texas AfcM University « an affirmative action/ 
equal opportunity employer. 

University of Arizona/Groundwater Hydrologist. 

The University of Arizona, College of Engineer- 
ing, Denanment of Hydrology and Water Re- 
sources invites applications for a tenure track facul- 
ty position at the Assistant or Associate Professor 
level in groundwater hydrology. Applicants should 
have n strong background In Hydrogeology, ground- 
water hydraulics, contaminant transport, and 
groundwater modeling. Tite position util involve 
teaching graduate and undergraduaie classes anil 
developing h strong research program in onc or 
more or the above areas. Interested persons should 
send an up-to-date resume and the names of at least 
three references to: 

Dr. Shlomo P. Neuman 

Department of Hydrology and Water Resources 
r University of Arizona 

Tucson, Arizona 85721 

The University of Arizona is an affirmative ac- 
tion/cquai opportunity employer. 

MX 1 " 1 5 T 

SJsUnRStiiy of New wrieara, imdtci appltra-^ 

S Orieans, 

south shore of bake Pomdtanraln h» f under 

candidates. ■. ^ ^ ^^te d to tqdi graduate 


SUPERVISORY OCEANOGRAPHER 
DIVISION LEADER 

NOAA's Pacific Marine Emdronmental Laboratoiy Is seeking qualified candidates for 
the position of Division Leader, Marine Resources Research Division. The Division Is 
located at the Hatfield Marine Sciences Center, Newport, Oregon and Is engaged In 
muhidlsdpllnary research Into deep seafloor exchange processes. Current activities in- 
clude research Into the effects of hydrothermal venting, oceanic crustal tectonic pro- 
cesses, seafloor heat Dux, and particle transport in the benthic boundary layer. The Di- 
virion Leader has responsibility for program planning and budgeting, technical supervi- 
sion of MRRD staff and liaison with other NOAA components. The Division Leader has 
primary obligation for leading the MRRD research program, but there is adequate op- 
portunity lo conduct individual research. 

Candidates should have at least a PhD In physical oceanography and/or geology or re- 
lated physical sciences. Candidates must have at least three years of professional re- 
search experience of which at least one year must have been comparable lo (he GS-14 
level In tite Federal service. Candidates must have experience in sea floor processes re- 
search Including biological, chemical, geological or physical oceanography or they will 
not be found qualified for this position. Also, candidates must demonstrate that they 
have the: ability lo conduct sea floor processes research; ability to conduct Independent 
research; ability to develop, Implement and monflor scientific research programs; ablHly 
lo aipervfsa a sdenttflc/technical staff; ability to ensure fiscal accountability through 
management of program funds wilhln budget constraints; ability to make technical pre- 
sentations, both orally and in writing, and; ability to implement an effective Affirmative 
Action (EEO) program. Applicants are asked to describe Iheir experience in each of Ihe 
above seven factors. These responses should be considered as attachments to the basic 
application farm. The salary ranges from $50,495 lo $65,642 per year. This position Is 
in the Federal Competitive Sendee; however, persons with no previous Federal sendee 
may apply. Applicants should refer to announcement number PMCLAWASC 84-292 
(PM) when submitting applications (SF-171, “Personal Qualifications Statement", 
available at most Federal agencies) to: 

NOAA, WASC, Personnel Division 
7600 Sand Point Way NE 
Seattle, WA 98115 


by November 30, 1984. For further application Information call Pete Mo das at 206- 
526-6048. For further details on duties contact Dr. E. N. Bernard, Director, PMEL at 
206-526-6800. 


Professor/Cha I rpcrsti n : The University of Utah. 

‘Ihc *>1 Vuh IViiailincin «»f t'-ivil Lngi- 

I leering is reeking applicant) lor llic |K»itinii of Trn- 
lejHir ami Cluir perron. Applicants with experience 
In an atailcmiL environment, strong revearth tre- 
denlijli and proven leadership capabilities are 
urged to apple. Candidate! arc sung hi who liavc a 
proven imcicil in developing icvuuh and have 
demunurjied ability to generate research g ranis. 
The position offers professional challenge niih po- 
tential for future growth, and a unique opportunity 
lu faculty with commitment lu scholarly research 
and education. The appointment is to begin July I, 
1985 and ihc dosing dale for the receipt of applica- 
tion* isjattuary 15. 1935, or until the position u 
filled, ncasc submit a complete resume and at least 
ihrec professional references (include addresses and 
telephone numbers) lo: 

Dr. J.D. Scadcr 
Chairman, search (Jam mince 
Dcpanmeni of Chemical Engineering 
University or Utah 
Salt Lake City, UT 84112 
801-581-6916. 

The University of Uiah is an affirmative action/ 
equal opponunily employer. 

Geochemistry. The University or CaJifontia. Da- 
vis will fill a permanent, tenure track, faculty posi- 
tion at the assistant professor level beginning Fall, 
1985. Candidatos haring interests in isotope geo- 
chemistry and/or the geochemistry of economic de- 
posits are especially encouraged to apply but outer 
specialties in geochemist ty will be considered A 
PhD degree is required. Responsibilities include 
teaching at the undergraduaie and graduate levels, 
and research in geochemistry-. 

Applicants should submit complete vita, a state- 
ment of research and teadiing interests and the 
names of three referees. Deadline for application is 
lartuary 15, 1985. Inquiries and applications should 
ie diireied lo: Dr Howard W. pay. Dcpiimeni oT 
Geology, University of California. Davis, CA 95616. 

The Unlvcrsilv of California i* an equal opportu- 
nlty/affirmativc action employer. 


University or Wisconsin — Madl*qn. Tlu* Ih-|urc- 
mcm nf t icnlogy .rod UvnphyMi.s unites ujufoi .mom 
for an .miicipaiLtl tenure tnttk position at the assist- 
am professor Ies cl in applies I gcomnrplioloflrs ami/ 
or iqtlnpnkiuv commenting ns August 1W5. The 
applictnt sltaiiTcl lx 1 cntumiuial to dncloping a 
strong research prog rum as well as leaching uiukr- 
g tad irate course* in lome .isptxts of engineering 
and enrinwitnenial gening v. Tlie Ph.D. u required. 
Applicants wi ih course work in engineering and an 
interest in the field application or geologic princi- 
ple* arc especially encouraged tu apply. Send letter 
of application outlining jraur professional goals, 
transcripts, resume, copies of publications, and 
three Inters of reference m Dr. Man P. Anderson, 
Department or Geology and Oophyiics, Weeks 
Hall, University of Wisconsin. Madison, WI 53706. 
Closing dale is Jarman I, 1985. 

The University of Wisconsin is an equal opportu- 
nlty/aflimtalive action employer. 

University of Wyoming/ Department of Geology 
and Geophysics. The Department of Geolugy and 
Geophysics encourages applications from studcnis 
interested in pursuing graduate research in the 
fields of igneous and nirianiorohic petrology and 
Rcochemutry. Current rexarrn topus. involving 
field and laboratory studies, include: island arc and 
continental vokanics, petrogenesu of granitic and 
anorthositic rocks, evolution or ihc A reheats crust, 
peirogencs'ii of myktniiic rocks, and 
geothermometre and geobarometry as applied to 
Uie evolution of orogenic terrann. FadltUes include; 
an analytical grochcmicil lab for whole-rock, and 
uace element analysis, a fully automated CAMECA 
micro probe, two JOEL scanning electron micro- 
scopes, a thermal Ionization mass spectrometer for 
analyzing Rb-Sr, Snt-Nd, and U-Th-Pb isotopes, a 
microihcnsoroctry lib, and an exjreriimcranf petrol- 
ogy lab. Applicants should contact: 

retrolog) /Geochemistry Program 
Department of Geology and Geophysics 
PO Box 3006, University Station 
University or Wyoming 
(at ramie, WY 8207 h 


Faculty Position in Geophysics 
Frankfurt University (FRG) 


TTica 
and un 


The Institute of Meleorology and Geophysics at the Johann Wolfgang 
GoethB-Universlty In Frankfurt (Federal Republic of Germany) has a va- 
cancy al the C3-Pft)fessor level. The position la (enured. The appointee, 
vrtll be expected to teach courses In applied geophysics at Ihe undergrad- 
uate and graduate levels (In German). Research experience In the area of 
geoetecltic methods would be desirable bul not condition. Candidates with 
Other arciaS of research Interest will also be considered. • 

ADDllcatlon with curriculum vilae, certificates bn academic degrees, Hal of 
□uWIcatlbns and teaching experiencO should be submftted to the PresJ- 
, dent, Unlvwsftat Frankfurt. Senekenberganlage 31, 6000 Frankfurt a. 
M. by November 15, 1 1984. 1 , 


*T» 






: iJ: • : 1 


\w- is ; ! 

! l| -I !l 

: 1 j.!j V J -'i 

ri. :i -| l ' 


!: ■.: 1 I ! 
rs-iji! 1 

j ! '■ 

I. 


j ! "i M' 
S « 1 . '• • i • 

31 : .~ 

'll ! 1 ' '\ 

i 

.:[M \ 

: i 

■I-. 5 


.iffjji!. 

• . 1 I . ' I 

- y 

-i! 

• •• i- !j 



: iii ‘ 


Announcements 

Chapman Conference 
on Ion Acceleration 

Call for Papers 

June 3-7, 1985 Chapman Conference on 
Ion Acceleration in ihc Magnetosphere and 
Ionosphere, Wellesley, Mass. Sponsor: AGU. 
(Ion Acceleration Meeting, American Geu- 
physical Union, 2(100 Florida Avenue. N. W., 
Washington, D. C. 20009; id.: 202-469-6903 
or toll Tree 8QIM24-2488.) 

The deadline for submission of abstracts is 
February d, 198a. 

Recent sittelLite and rocket data on particle 
distributions indicate that ions in the iono- 
sphere and magnetos plie re arc subjected to a 
variety of energization processes. Wave-parti- 
cle interactions, electrostatic double layers 
anil shocks, Alfvfn waves, anomalous resistiv- 
ity . E x B drift, atagnetic inliomogcnciiics, 
and miter ideas have been proposed as viable 
mechanisms responsible for the energization 
of ions. Fur the most part, however, coherent 
theories ca|iablc of providing definitive de- 
scriptions nr the observed inn acceleration 
phenomena have nut yet emerged. 

The puqiosc of this conference is to bring 
together experimentalists and theoreticians 
engaged in the study of various aspects of ion 
energization processes ill the magnetosphere, 
to jinimoLe interchange of ideas among these 
active researchers, and to attempt to achiovt- 
some basic understanding t if these in ici (.-sting 
and complex space plasma phenomena. 

Format and Abstracts, Aside from several 
invited review talks, this conference svilE con- 
sist mainly of cuiiirihutrd oral and poster pa- 
pers. Topics to be covered by the conference 
include inn acceleration processes ut high lati- 
tudes (auroral arc. polar cap, polar cusp, 
en.), ion acceleration processes in the plasma 
sheet and its boundary layer, ion acceleration 
processes in the equatorial region (geosyn- 
chronous orbit, ring current, etc.), ion accel- 
eration processes in active ionospheric and 
magnclosphciic experiments (charged beams, 
gas releases, etc.), ion acceleration in labora- 
tory plasmas (space simulation and scaled ex- 
periments). microscopic ion acceleration pro- 
cesses {wavc-pjrticle interactions, double lay- 


ers, stochastic heating, etc.), and manoscnpic 
acceleration processes (adiabatic processes, 
shocks, etc.). 

All interested in aLic-nding and in receiving 
later information circulars should write to the 
address given above. For mure information 
un the scientific program, contact Tom 
Chang, Center for Space Research, Room 
37-261, Massachusetts Institute of Technolo- 
gy, Cambridge, MA 02139; telephone: 617- 
253-7523. Abstracts should follow the stan- 
dard AGU format, as published in Eos, Au- 
gust 14. 198-1. There will be no abstract 
charge. Authors are requested to indicate 
their preference Tor the mode of presentation 
(oral or poster), although papers may be as- 
signed to either mode depending on the 
overall plan of the conference program. 

Program Committee. R. Arnoldy. M. 
Ashuur-Ahdalla. R. Boslrom. C. G. Fall ham- 
mar, L. Frank, H. R. Balsiger, D. Gorney, G. 
Haercndel, D. Hardy, J. P. Hcppner, B. K. 
Hulquisi. D. Klumpar, R. Lysak, F. Mozer, H. 
Okuda, R. Olsen, S. Ossakow, R. Schunk, E. 

G. Shelley, E. West cull, D. Williams, D. Win- 
ningham, and D. Young, and the coconven- 
ors, Tom Chang, J. R. [asperse, R. G. John- 
son, P. M. Kintncr, and M. Schulz. 

Student Travel. Limited funding will be 
available in support student travel expenses 
to the conference. To apply, call the AGU 
Meetings Department at the number given 
above and ask to be sent a travel grant appli- 
cation. The awardees will be selected by AGU 
in conjunction with the cuconvenors. Dead- 
line for travel applications is January 7, 1985. 

JECSS Workshop 

May 13-18, 1985 Third JECSS (japan 
and East China Seas Study) Workshop, Tsu- 
kuba Univ., Japan. Sponsors: Japan Marine 
Science and Technology Center, Oceano- 
graphical Society of Japan, Japanese-French 
Oceanographical Society, AGU. (Takashi 
Ichiye, Dept, of Oceanography, Texas A & M 
Univ., College Station, TX 77843.) 

The deadline lor the submission of one- 
page abstracts is November 30, 1984. 

The purjxises of this workshop are to ex- 
change research results in hydrography, cir- 
culation, physical and chemical properties, 

•i ltd se dime mo logy of the East Asian margin- 
al seas aud io plan cooperative programs for 
field experiments and modeling. Papers in 


the topics listed arc invited and will be ar- 
ranged into discussion groups and presenta- 
tions around the lectures of the invited 
speakers. 

Coral Reefs 

May 27-June 1, 1985 Fifth Iiuernaiiuiial 
Coral Reef Congress, Tahiti. French Polyne- 
sia. (Organizing Committee, Coral Reef Con- 
gress, B.P. 562 Papeete, Tahiti, French Poly- 
nesia.) 

The submission deadline for the 300-word 
abstracts is December 1, 1984. Abstracts 
should be submitted in both French and En- 
glish. 

The congress will consist of two principal 
parts. The first is a symposium entitled “Late 
Quaternary and Present Sea-Level Changes: 
Magnitude, Causes, Future Applications." Pa- 
pers for this symposium are being solicited 
on Lopics including global, regional, and local 
histories of sea level changes, measurement, 
modeling, and interpretation of such 
changes, correlation of changes with tectonic, 
climatic, and oceanographic changes, and 
prediction of near- future changes for appli- 
cation to a variety of problems, especially 
those relating to coral reefs. The second part 
is a seminar entitled “Reef Growth and Sea- 
Level Change: The Environmental Signa- 
ture." This seminar, chaired by P. J. Davies, 
will deal with the identification of the sea lev- 
el signature in reefs from varied environ- 
ments, including the analysis of variations of 
fauna, diagenesis, isotopes, calcification, and 
sedimemology. 

Hydraulics and 
Hydrology 

Aug. 13-16, 1985 Hydraulics and Hy- 
drology in the Small Computer Age, Orlan- 
do, Fla. Sponsor: Hydraulics Division, Ameri- 
can Society of Civil Engineers. (William R. 
Waldrop, TV A Water Systems Development 
Branch, PO Drawer E, Norris, TN 37828; 
lei.: 615-632-4460.) 

The submission deadline for one-page ab- 
stracts is December I, 1984. 

Papers are solicited for presentation in 
technical sessions on lopics including comput- 
erized data acquisition svsiems in the labora- 


tory and in the held, microcomputer software 
applications in hydraulics ami hydrology, 
coastal and wetlands processes, groundwater 
hydrology, surface water hydraulics and hy- 
drology, and hydropower development. Vari- 
ous special tours and exhibits are also 
planned. 


Future AGU Meetings 

Fall Meetings 

Dec. 3-7, 1984, San Francisco, Califor- 
nia. 

Dec. 9-13, 1985, San Francisco, Califor- 
nia. Abstracts due mid-September 1985, 

Dec. 8-12, 1986, San Francisco, Califor- 
nia. 

Spring Meetings 

May 27-31, 1985, Baltimore, Maryland. 
Abstracts due early March 1985. 

May 19-23, 1986, Baltimore, Maryland. 

Regional Meetings 

From Range Branch Hydrology Da vs, 
April 16-18, 1985, Fort Collins, Colorado. 
Abstracts due December 31, 1984 for pro- 
fessional hydrologists. February 15, 1985 
for students; call for papers appeared in 
July 24, 1984 Eos. 

Chapman Conferences 

Solar Wind- Magnetosphere Coupling, 
February 12-15, 1985, Pasadena, Califor- 
nia. Abstracts due November 1, 1984; call 
for papers appeared in July 10, 1984 Eos. 

Ion Acceleration in the Ionosphere and 
Magnetosphere, J unc 3-7, 1985, Boston, 
Massachusetts. Abstracts due February 4, 
1985; call for papers appears in this issue. 

Magnetotail Physics, October 28-31, 
1985, Laurel, Maryland. 


The last Geophysical Year calendar ran 
October 23. 1984. in Eos. 
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Separates 

To Order: The order number can be 
found at the end of each abstract; use all 
digits when ordering- Only papers with 
order numbers are available from AGU. 
Cost: $3.50 for the first article and $1.00 
(or each additional article in the same or- 
der. Payment must accompany order. De- 
posit accounts available. 

Send your order to: 

American Geophysical Union 
2000 Florida Avenue, N.VV. 
Washington, D.C. 20009 


Electromagnetics 


OHO Elinrouptilc tbaory 

ORIHOCOXU. MAPPINGS or T1KE-HARM3MIC ELECTP.MUSHi.TIC 
FIELDS IN INHOMOGENEOUS IBDAHISOriOPlC MEDIA 
*• Suchy Halt. Theoretical Physics, University »! 
Pdssoldarf , B-4 DdiwlJorf 1, Fad. Hap. ffererany) , 

C. Alius and A. Schuiberg 
One of che praraquieitsa lor Lei anti' reciprocity 
rheom to hold Is anisotropic nadla is tba symtty 
(or hoiaiLicltjr) el tha constitutive union Cor parelc- 
tlvlty, permeability and conductivity. It they are not 
syccrric tor kornliionl neunlly another nedtua Is intro- 
duced far the validity of the thcoren. But if the sad lire 
is lnhcs»j|asai>tii end (ho n.in-synjirlc (or n'ln-haraitlan) 
constitutive tensors obey certain sjrmriiy requLrsaente 
if roiparvd at nw dllEeraat p-iaitiooi, thsn the ihtoren 
holds Id (ho saaa Dud lire. Thoio sycnolry requLrcunia 
are mild using orthogonal Dippings for the position 
vacivr, lliu olecl rmugntt Ic fluid vitiate, tha consti- 
tutive tentnra, tba boundary conditions and Cram's 
t amor ■ Various exa=p|os are given (or uniaslal nrdia. 
Including cold tugnutlrid plasmas. Uoronti' reciprocity, 
constitutive tansoro, inhoaaguna.iiia aoiiil 

Had. 3cl.„ Paper 4111(4. 


0785 TEQpoflE'herLc propagation 
THECrUfXICAL PREDICTION OF THE OPERATIONAL CHA- 
RACTERISTICS OF A DOUBLE POLARIZED MICROWAVE 
COMMUNICATION SYSTEM 

J.D. Hanoi lopouitia (Electrical Engineering 
Dopartoiont, National Technical University of 
Athene, Athene -1 47, Graced . 

In thle paper, a general enalyata is propo- 
ned for tha prediction jf tba operational cha- 
racter lab Ice oZ a double polarisation nUtou- 
va comuri loot ion system where the dominant fa- 
ster for degradation has been taken to bo the 
rainfall. This analysis can be consider ad as 
an improved version of previous tcafrniquoi 
dealing with the same subject. On* of the fea- 
tures of the paper la tha analytical •xamlna- 
tlon of the spot lal lnhomogeoolty af tha. rain 
medium ■■ It affeota tha joint statistical 
analysis between rain attenuation and depola- 
risation. (Rain propagation, microwave links) . 

Bed. Set., Paper 43(208. 


Geochemistry 


1420 CnemtlLry or bed! as of volar 

MAJOR ION IKEHlSTRf AND SENSITIVITY TO KID PRECIPITATION 
OF SIERRA NEVADA LAKES 

J.H. Halid, {Biological Sclencei and Marine Sclents 
Inst., Univ. of California, Santa Barbara, CA 9310b). 

J.L. Stoddard and C.A. Ochs 
Most alpine and subalplra lakes or tne Sierra Nevada 
{California) are very dilute, neatly buffered calcluo- 
blearbgnile waters. Seventy-three takas selected to lie 
In basins represent alive of Slerran bedrocks were sanpled 
In the sinners of 1981 and 1982 and have a median 
alkalinity of SO ueq l-l (range, 5 to 1137), and pH of 7 
(range, 5.7 to 9-4). The alkalinity of Slerran lakes 
cannot be predicted Iron altitude, basin area, or lake 
area. The concentrations of sulfale, calcium or 
alkalinity In like waters are positively corral ated with 
the percent areal overage of volcanic or calcareous rocks 
In the basins. The lakes are not acidified but are 
exlreoely sensitive la Increases In acidity of atmospheric 
precipitation. (Ch*n1itry of bodies or water, llano logy, 
water quality.) 

Want leiour . Am., Paper 4U1 2 SI , 


Hydrology 


3130 Groundwater 

AH EXIB.-DED IDEKTlrUBlLTTY IN AQUIFER PARAMETER IDENTIFI- 
CATION AND OPTIMAL IIKPIK TEST DESIGN 

£°* T,h {CIvU Engineering Departure, Unlverelty 0 f 
California, Loi Angelu, California, 90024), N. Z. Sun 
(Daparrrenl or Keehaaatlca. Shandong University, The 
People*! Republic 0 [ China) ' 

Ao blended Idenrlfl.bllliy, called "Mdint If lability", 
IB developed (or arcuodnter modeling and unagosre. 

Bobo rundnenial concept! are developed for ae tab LI ah In. 
a criterion In connection with tha ptoblea of on tin l 
“I rr leaned a«k aa tha daalgn of an opt lone 

puaplng teat to aaalet mulOr paraneter Identification. 

Tb. propMcd '.-idenill lability" I. b. l( d „ p0B lh , „ nc . pt 

I M ) “"tjuaneia. Tbo ducoralnailon e( the adeliilhlllty 
ol a g Inn daalgn 1. fonnlaud aa a oonlinaac prograaajpg 1 ^ 
problao. The original conacralned problca la t ere. fumed 
lew a olvlng a icquenea or unconairalnad problem! bv a 
Penalty Function Htlhod. Humarlcal aiperlMnta are con- 
duclid 1(1 illuatteta the propotod concept and elgcrltha, 

Uatct RmouE. Bea.. Fecor 4U1IS7. 


1UQ Runoff and atreuflow 

IWKOT IIW MODELS AND THE FLOOD YARNING PBQBLEH 
S. TekcMltc (Syaeaaa and lndua trial Inglnaerlog Dapart- 
eant, LTilvnralty of Arliuna, TuCasn, Arizona , 8S721) 

parlodleally-aaeplad rltar din-. 

« ™ n iT I, . (hdt a Hood occore 

ol epoch nH If, (or a see llacd t, V( d »1)st. Aiaiae that 
at epoch n. the daetslop Baker nuet decide u bather or not 
io laiuo a f loud waning, ihlu declalon being baaad oo 
lh. peat flow record Ilfll, J«nJ, Pinal Iy7 «au» ”.t 
coat. hm. baenaaalgned to tha tve tvpaa of .Utek... 
tbo falpe nlam" event and tbo event that a flood occura 
when no warning vaa iaw*l. It. I. Ib.t recJda 

tbo Cauaaiin aaaunpllon, atendard tin earlu eatbodology 
la tnappropktaia for the Mood warning prabjaa. 

Tba purpoM of thla paper Late r«Uce re cane pngroW. 
bated oo e g.tn.ta ptlnclplaa. A noapafMiulo lL.!ao« 
procedure Le daaerlbcd which converge! to tha optimal 
declalon function fat tba flood .warning problem ta the 
laaglh at the b la tor teal rtcbrd igtieaaea, for eaeaeUllv 
any etatiuaary argodlc Harkov precaaa. ondar additlonmi 7 
&a amp clou, ratal tag be aarabllvftad red abomt (a t, ^ 
opt leal In a cartatn mue. Tha aaw nbttodology u' 
coeparad with ASHA pradlcfora on almlated and rivet 
flow date. 

Water Ke.Mt’.ReaJ, fapte ARtZS)', ' ; 




7180 Water Quality 

CONVERSION QP ARIZONA CHAPARRAL TO CRASS UICREABBS 
VATER YIELD AMD NITRATE LOSS 

E. A. Dev La (Rocky Mountain Foreic and Range bperlnenl 
fiat Ion, Poreat Service, UBDA. Arlaona State 
Onive rally. Taiga, ArUona, 8528?) 

Converting an Arlaona chaparral watershed to greee 
cover ualng a loll appllcetlnn ol karbutllete grenulee 
Increased atreanflov end the nlcrace content or tha 
wetar. Nitrate concent ret Iona In atraanriaw free an 
untreated control wacarihcd nulled leaa than I ppm 
throughout tha atudy, whereat nitrate from tha treated 
vetitehed locreeaed during tha flrat poettreatunC year 
cgiaulnm concent ration of 56 ppm, with an annual 
weighted eaan concentration of 16 ppa. Kexlnua 
caacaatratlone of 6D end 69 ppe occurred during the 
third end lourch poictroatnanc jura, wbao annual nun 
concent rue tone were 66- and 100-fold above no reel. 
f.! 1 .. 1 tb “ ““a! BOBCBD tret ion waa atlll 

14-Eold above normal. The naan nitrate concentration 
or the arreaaflou iron the treated uatarehad fot the 
entire ll-year period wee 29-fold greeter then thet (or 
the eonbrol vaterebed. (Cheparrel nonveralon, warer 
yuld Increase, nutrUat laaa). 

Natar Ramour. Raa., Paper 4VID4S. 


Meteorology 


^PMltlon and Chmlcal Interactions 
f!2I? C S? I 5 flL !JL PBffllCEO WCNE 1H the EMISSION FROM 
LARSE SCALE TROPICAL VEGETATION FIRES 

p‘o’ Ce ?« er J or Atmospharlc Research 

fc°’ u ? 01, I dflr ' “ MM7 I f - Hasgenson, S. 

Hal ter*. A.F. Hartburg, and P.J. Crutzen 

tannIa r ^^f a J Urei ”! nt , P ? ,flr “ ,,M unde, ‘‘4lLen In the 
L1 S oP r.° r . eMt :? 1 f* 101 toerf « <n the dry 

lSJSe aull W ‘ e af 

laryw scale btODass burning. The seals frrm tfa flrat 
bB . 'Brge’y conNned within an ippmlnitaly 
15 STS by a subsId.Uce Inver- * 

Th,i conl **t1on typically 

lldfnCS^DrrUrr^nn 1^ ’’"[i 0-1 ** t0 *y"0PMC Sub- 
* Tna ir * ,Mson - '■hotachmilcal 
™ oc ; urr *j ,n ** Polluted layer over 

BBlon of cenl «> 3razll. The fac- 
u. r !(^ trfl l 1iB9 the wcentratlon of this ozona are 

Is^aS^tS!^ 4 fn elt,nUla of the "“"t of MOHR produced 
Is reported. (Ozone, tropical , biomass, flras). 

J. Geophye , Raa., D, Paper 4D1246. 

Ilaccrlcil ftitefiipi 

sssjsswats 1 " * “ i “ 

tt MStUmoS ” 1 Ubar « or »* 

Product e^from' tbo V< r ‘ ° B nioa . 

praoucta Yroa tha ateoaphera ente an amradynaalcally 

eammS 5»w * th, . l,,Bl aaclon rata within the plant 

th T bl * d * 1 •* P** 1 la a lm may 
«f-«T ar?nn*l n 1 ?! 1 v * * l,riln * CQ htghet • 

Si 1 “iC £ ‘ h - , r khan above .hale, 

oettutad firi 1 I i h, “ looiaatloa tat. ta 

WaSSSJya-ssr'-- 

■ nha ec eaan t, TI! . ? 0< ' 1 P™«*Uca , algnirtcaot ■, 

radios ' 

411185. . 


3745 Gravity Haves, Tides, and tomprussional Naves 

AN GBSERYATIOKAL ESTIMATE OF GRAVITY HAVE DRAG FROM THE 

MOMENTUM BALANCE IN THE MIDDLE ATMOSPHERE 

Anne K. Smith (National tenter Tor Atmos pier 1c RcsMrch*, 

P. 0. Boa 3000. Boulder, Colorado 80307), Lawrence V. lyjak 

The zonal average momentum budget In the middle atmo- 
sphere (up to 0. ) nb) Is computed for seven months of 
satellite observations In order to datanalna the forcing 
needed to obtain « balance. This momentum residual Includes 
forcing by waves with small zona) scales such as gravity 
waves. The results Indicate that tlio forcing needed In _ 
the lower mesosphere reaches peak vnlues of about 20 m s" 1 
diy , which Is large compared to the Rayleigh friction 
used In that part of the atmosphere In numerical modal* 
such as that of Holton and Uehrbeln (19R0a). The seasonal 
change follows that of Rayleigh friction; the Northern 
Hemisphere momoniun deficit Is large easterly In wlnur, 
decreases In tha spring end bocomos small westerly In late 
spring. Howover, tho largest moment urn deficits era In 
middle and high latitudes (SD"-BD'N) In winter, whereas 
the largest Rayleigh frictional damping Is In the vicinity 
of the jot (atT-SO'N). 

fho observations wore also compared with the parameterized 
acceleration of the naan Mow by gravity wave* (Undicn, 
1901; Holton, 1983). The observations of the wint*rt1m» 
mooantum residual ara similar to the values used In fha 
circulation model of Holton (1983). Derivation of the 
parooeterl za Lion constant from the satellite observations 
results in an equivalent zonal wavenumber for gravity 
waves that Is substantially smaller than that used by 
Holton (19B3) In his model. Possible reasons for this 
difference are that many of the gravity waves break at 
levels above the region where data ara aval lab la, and that 
gravity waves with non-zero phase speeds may ba present. 

The National Center Tor Atmospheric Research Is sponsored 
by tha Nations] Science foundation. 

J. Qaophya. Rea., D, Paper 4D1234- 


Oceanography 


4705 Boundary layer and avchang! praeaaaai 
IvrWKJE HI HIIO FDMP1HO OR A1R-SBA GA8 EXCHANGE 
BASED (HI DIRECT NEASUUHEHTS Cl COj FLUZXS 
S-b. Smith end E. P. Jonei (Atlantic 0caino*r*pht* 
Laboratory, Radford Inatltuta of Oceanography, PO. 
Box 1006, Darnouth, M. S,, Canada, 827 AA2) 

In a aarlaa of aeaaureoan.i of COg flue nvar tha 
(aa tha naan flux waa near aaro avan though cha 
■urfaca watar had substantially highar partial 
pcaaaura of COj than tha air. Hourly varlatlooa 
In wind ipaad ware wall corralatad with tha flux, 
■ u IB»ac ing that a wlnd-d riven process such .** 
breaking and dtnmward nlxtng of bubbles way drive 
additional COg Into rha watar aa tha wind spend 
loaraaaaa. Tha traditional nodal of alY-aaa B*» 
flox aa a Fuactlon of lea-air partial praaanra 
dlffaranca Was udlfled to Include downward puaplng 
by wind. Ha cooclnda that tba. flux of onn- 
xtDoipharlc galas such aa radon doaa not aerve aa a 
aooplata nodal for tha two-way aurfaca rlux of 
atwoapherle const Ituacts inch as CO*. (0»« Mwi 
alr-saa IntsrsctlonJ. , 

J. 0 sophy a . Raa., C, Paper 4C1277.. i. 


4713 (Oiroulation) ‘ 

THB SIMULATED RESPONSE OF AN UPP*R-OCEAN 
DENSITY FRONT TO "LOCAL ATHO0PBBRIC KWCIIW 
Oavid Adamac (Dapktttnant of Meteorology, , Naval 
Postgraduate school, Monterey, CA-93943) ““ 

R.W. Oarvood Jr. •• (Daparkmant of Oceanography, 
Naval Postgraduate School, Mon ta ray, CA 939«l 
- Four nunerioai' aHp'arjBtuita with . * . 

a too spheric . forolng' a da 1 aopeldaVad .to 
lnveatignt* a variety o ,tranaiant ; NapoM” 
of an uppbrVDgbtn density front similar to «.• 
r ^ialteaa front (south qi” 9lol iy) in -an 
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■lxad layer - ocean circulation model. 
particular intevoat la a cane that aimulataa 
forcing observed by Johanna seen (1075): in Mxw 
mi, meaBuramnnta of the Holtexo front Jorl 
being taken in calm weather and than tha wind 
suddenly Increased to 10-15 is, B down tha 
front. Tor thla forcing, tl.o modal reault to 
consistent with eho observation., predict!^ 
itaapenlng of the f rental Interface, spread lE* 
of tha aurfaca iaopycnala and very little 
horizontal displacement of UlB surfBC0 
Hcwavar. the model predict* t<M> „ uch _. JV 
layer deepening and falls to predict n.s 
obaerved atrengU.ening ol the alo ng -f r o n e 
additional oxparlmsntZ »» 
cone ids red to aaaass che of facta of a r-h Bn „ 
In the wind direction and cha lncluaion' of I 
aurfaca buoyancy flux. The Inclusion of . 
diurnal aurfaca buoyancy flux producaa a warv 
different raeponea from tha aimul.tiona with 
no buoyancy flux: when the aurfaca buoyancy 

flux la negative, the mixed i aya , raforma at I 
ah.How depth, reaultln, m „ uch 
advectlng velocltlaa and Bubaeguently Latear 
diaplaceaenta of tha aurfaca fr«nt 
nagetive buoyancy flux car, effectively protect 
the aub-surfaca structure with a .hallow 
stable aurfaca layer. It alao decouple* thi 
deeper frontal proc.aaea from tha a..rra« 
aixed- layer proceaaaa. (Numerical modal 
acaoapharlc forcing, mixed layer). 

S. Qaophya. Rea., C. Paper 4CI257. 

Particles and Fields — 
Interplanetary Space 

5360 Solar wind plains 

THE POBHATfOB OP A STANDINO SHOCK IN A POLYTRORIC SOLSR 
WIND HOTEL VI THIN I- 10 H SQL,R 

Bhadla H, Habbll (uAvard-Salthaonlan Canter r or 
Aatrophyaioa, GO garden St., Cambridge. HA 02138) 

Ve ahow how a one riuld polytroplo solar wind «,dal 
«Ub ta proportia, bIb ,,„ lo . n laolhlraal 
losallxad aoeretu. addition „d/ 0 r rapid ar« 
dlvargsnoa produoe aulllpla orltloal points In tta 
riova In particular, we shau thit ufcnn > k a 
triaaltion la ths riow oooura olosa'r to the eoranal 
baas, aultlpla steady aolutlena can sxlat. ^ 
aoitlpla steady solutions consist 0 f s oonllnuoue 
Ul* 1 *" P»*alng through the (nnaraoat critical point 
spd Other steady solutions Involving a aLeady shock 
traction. By following tho lropor.1 m l u ti 0 „ 0 f 
solar wind rru i steady atits with ona orltloal point 
to a steady slat, with thrss orltio.I p, lntl| ws ^shov 
ttat a standing aback solution Is core llhslr t, 
develop than a oortlnunus solution ubaa maientw 
depo. t.on ocour. olo.e to the coronal baa. “^5 
•qiatlsn of rot I on adaita aultlpla sUady solutions. 
TUa result is partloularly relevant Lo tha solar wind 
deposition oooura u a result of a 
rjpldly diverging uoronal hoi. gerostry. (Trororu? 
vmlutlon, aultlpla ulna solutions, standing a hookah 

J. Geopbya. Saa,, A, Paper 4*8lao. 

Particles and Fields — 
Ionosphere 

5SM Ionospheric disturbances 

fAoS&^jSEm * ™ Hww «w 

Of 9^ ala8 ,|n<1 Astronomy, University 

*. CMrtbZ N - c,,An *"” tnS 

,, i,i ,b ? reto W Investigation of tha hleh-rraquenf. 

bntS"w«*StILllI3 l ?n 11,ly . 1 " ' ,0Mp l b « d . TH* Inata- 
Bt.'dLed tneoretl rally by Dio at «!. I107|| 

^ ri" P rodlaud lo ocour In Uw low E rug Ion of the 

^ E ( P ' ,rtri VBl-olV Of the aiwt™ 

relative lo the irms la aovoral Llroe C s , the l-wt- 

eleotrin f? “ r u *PflMwnle, on intreaaa of the 

aWe lh0 ,or 81 "I. "ti.ruahold" 
li™ ^ BcmeraL poror levol of the fluot.ia- 

' ahu! b "PProctebly their epeatrel 

JaSlALv 2th^ MrMd 1 fPa 3 U, ”” y , l >,olr * f,u very 
^ "ith a spsotral 

Plf» • f 1 -*. This noeit has n-ga- 
-|ma7 > M«- 9 .. 0n * > f° r “ recenll l f Propoaod m-ihanlsm of 
otSiLS • 1 “ tron l«ar E ragiro 

a^^ISuiJJiiiyu ° 6pherl ° dlBturhRn - r ' a - fBrU ?' 

j. Qtophya. Rea., A, Pn P nr 4A80B). 


JSeSi^i RESUm rB,,H T,h ' " ,IFn,:,, ■ rthuuT, in kith 

WOIMCATIOHT Hill* LOUNUIHO 

l■tIanb!!^» ( ^? r j l ’ I<,f ‘' ,l-,, ' l,ll lMl Aerononie, D-Ml l 
V.tlvnturB-Undau, f. hl Huroony), fl. Ornr.Jal. K. ll D a k0 , 

■ «. k. sponner. J. lb. I tut, k. HAnu.do, J. TnlLm 
l"*l?uaSntro » t® 0 ' 1 "* HOcket projeut HEH0 f uur 
Fro* Anddvn B P f? l [' a 1 d0 '* 8r& ••“wlird -in noundlrg rocket a 

lltu Z 6 l n J!r? 0 ': ,an * 0 ,n ‘ ,lJtl " u, ,n,w ta *■«««« in 

ireitlnu%.,. nl 0Bt,l0 2“ nl K-I,| y“' hulghtu vut up by tho 
Unmi, 8 H “’ f 3 or ' 1 iwnr Tromue m Nor thorn 

4 «P4™nta « D r trn of 61,0 3 olectrlr Held 

fhh f* 10 . ! nnn,lv Itenor.itud .-l«lr.J. ploaxn 
feneotlnn |'nS!{"^? fu " ^ Wl * 1,1 b ’“" nnnj- tho 
■hdphnon ir ! h , h,,ftU,l « wnvn '’"'l th. mg.lltuJo 

■Mnatlc r, n i .. tvef'-nwiin ..r tl.n -Inrlrio and 
■InultnnoouBi^ ai ..‘ , ' 0 *"•* Mnui.rnd 

f r*B>«nav ' l|lC UIO lon-nrouBtic 

■oaaurwronto " M c '"’ l,tur£ld w 1 ' 1 qiuuil-cciittimouh 
d SSTITS kSTJ r tla « rroqurnoteu frn, 

dipole sntonnnn ^ thc lloot,n H Duquonry uni.ig linear 
•l«tr.»Tt!™" , t HPr0 ' ,V " r ' ^‘'rnnnnt,. .ora rode or 
electron dann^ llu,lr ' ,th « B «‘ “loutrcvio and local 

0«a ^ th ° r ° Ckflt *«*»*«». THO 

thu | arSL"?™ ,,rlM b/ Dtr “’« fl““tua«0'in 
^•nantttara t , , " t0rv * ,a Hon ting 

•f"Ctrs, Ly b * v arl.ible rreq.moy 

oas-to-r.M vorlntlonj ud by no 

(lanaspharlo “ av » anplltude. 

r aasuranonta) dlrieat, °nH, plsnu wavna, In altu 


U c "l v «y ™brea“ui?J t (“* l, a 1 ! * > lvw »v«vu eat, 

other In a geographic twlill®"**** B*® 9 ** *al to an- 
ool-.ua regtoa. wlEll , la rha Druk 

“ d *•*» little varisbuit, 8 ^r* ^ of 61 ta 
that rata to tho obwtvad ,,v “ r « 1 "odala 

thlelnaaaaa. Tha bqic ■P* el, 'I to lithoapharlc 

l (thouphar ic thl - *hj 

groovu set to tha o„r ^*>«leantl» tnm 

wa axial tie four poaathin^ talng forard. 

distribution! Variation ro t It h,lerD * ,n *W‘. 
P«r lod is wh^h ehB lQfci “ during a 

variation In atraln rata (r^ ' ,la “ «■ dkanglag, 
local ucuraion, L ‘f*’” « « chi ‘ 

by variation! In cha ,r * dl “ at cauaad 

upwall Inga, red l 0 -.i “ndarlyiag conuaettva 

cauaid by rarer (. c ij e^!^ geotharoal gradlnt 
viable, ubl La rha (n^rriTi ' , TI ' £lt,t three appsar 
toruat ion d„, t^L tt' S •£? 

(Can yuld., tretunicaj ““I bnolvod. 

J- Caophya. B , P, p . r 4B50e0i 


Tectonophysics 


8150 Plata ter tunica 

A SIMPLE KtttL OF WOIZ-HANTLE C0HV8CTI0V 
Fiagi^JaSg Lnidtuta , 

«ff=2aSSrSass“ 

L aye rad, .tnc. hocwi ^ 

hava too uueh ehaarlu En .111, 1 coavactien 
naacrolva. Hown«r ^ Pra*'rvitlon o( u,.„ 

•t least th na°raii rvol ra 

tion have dyuoitaal dlfficultl^l Uya ™ d *«>"*- 
«» the viability or Cbna red.l! - ,erto “ 

sri-tsSr 

tes-diamnaf^! 9-ntlfI.d Is a .1^,1. 

J. Caophya . Raa., B. Paper IB12I7. 


6199 Oinoril Tectaaophyales 

?e! P « L f^ W !., S ! WI ''. P * TIMils or oncm 

sriani Bf jMn Itapt. of Coologleal 

So Lone., i Ifni vara I ly 0( Colorado; Bouldar, CO 80309), 

Uniu-r^ , • "■ <Dtf, ‘ ol fiwetleroe.; 

Un l vara It* of Art tone; Tucson. AZ B‘,U2I) 

Rock fabrir. that roa.lt (ro a diaploreren, In 

■ at en. Iona I a cogen ■ provld. . uean. of Identifying 
groove rle vd.l. raiponalblo lor u.tenalon of 
continental omit. Strain cwpallMHty orgoeent. 

, - a f Ihlfe Mtuialon can ba actoorujated bv 

ro uIJ !” Pl * ntr ' n 0 nr '>'a«'ng fault! or' 

e hlr It ’ l:> "'” r IOn “ whleh t'''l.te ebnva 
I horlsontal dernchoem l ti.e dooino noivlj. or 1)1 

aho.r anno, which roLac, a. . „.ult ol . horisootaHy 
f* J, ° ,hBar •‘vetchlnx cooponvnr ( ,he ..lea tic 
, nuro^l Shear inna x^ceLr|«a ruy 

Jaw [op aa che r.auli ol a depth dependant ..hang., 

1 “ l ” l " p 3h *' ir wwpooant tin the pU.tu ruJrl ) or tha 

■ run I.,.. onpoMht (In tha planar aha., rorv nodcl I. 

Will. |.i che dvooatr It f raoeuork ,1 tlieae .annua node Is. 
tl«i el fact, of auporpoacd alaplo vlunr. pure sheer 
ettunv Ion , and sren chanjto .n tho tuck fabric are 
Invrat I gated. Thaae dlaplacaoanc coaponanca. which 
be auptcpoavd sequentially or al..ultan.ouily. Jv carol rm 
tha irate ol Units strain aareciacrd with a given 
magnitude of tectonic airaoslon. The telaLlonahlpa 
b-r-re- 1 . dlVylacmenL ana strain art, eapi.auaj grjpha 
ol fuliaciu., dip (or atraln ratio) v.rsus, vh.ar main 
and as grapt.a of lollatlon dip lor strain ratio) varaus 
tectonic ascension . The ehesr strain grspha lllusirsts 
the el recti ol the dlflrrent dliplacananc coaponrnts uo 
Ihv rock fabric in ■ single ihsar zone, vtisrssl i hr 
tectonic evtnnilon graph. beiLsr llluairntn these 
orfnota on the rsnloosl icala, Tha nhrar strain sod 
Isrconlc extooiioa graph! can ba used by (laid 
goologlats (i) to dnteralns tectonic extension serais s 
region (roa osnsurenente of strain ratio or orientation 
and fluctuation of foliation, (21 to distinguish 
bnewean possible extension models Iron riald data, and 
111 to evaluate Lbs lafluaora of sheer zona attitude 
and thickness upon the mount el dtaplacaoeot. 
Applications of tbeae rochoda are llluatratcd for Held 
areas lh maurphlc core CMplaxue of Arlaona and m 
ths Basin end Range province oT cha North Aurics 
Cordillera. (Tertonlca, atraln, continental rlftlngj. 

Tscton lea, Papsr 4T0968. 

Volcanology 

■8699 VoLcanoIogy 

T1IE HAY IB, 1980 ERUPTION OP WUNT BT. HELENS III 
HHiELLlNQ OF DYNAMICS OP PLIN1AH PEASE 
8. H. Carey end II. Slgurdaian (Ornd. School of Ocuuao- 
griphy , Dn I vanity of Rhoda Island, Nxrrs|sm.stt, R.I., 
02882) 

The pi la Inc phase of the Hay LB, 1980 Mr. 3t, Heleou 
eruption (e eodoilod as a ataidy-auta diirharga of 
daaltic rogsi (roe a reeurvalr a| 7 Co ID ka depth be a 
rate of 1.92zl07kg/B. Properties sf the up, including 
nYA-BFiinrfftn wilarlla Mnrtni AC In hlia »lr> horoiore 
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J; RIFT: j 
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V. magmatism (1979) f/f. ^ JS-v-'- j 
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s *1* Braid* Rift is out- ■ 

■- ^ Bi^.,;Jhs pepefs tnlhe book am Ukd/ fr 
. becotM standards agatn$t which future rift studies 

1 ' /*IA na o4tt»ngeJ f* • - ' 


"SiSi: • ' 5? ,n ! en,^a ^ ,w,8| Syftposhiiii on the 
RIO Grande RifUMiiit reidlnf for geophysicists, 
BWMmlsts, ?nd tho*? In ‘related 'fields * ■ 


. *438 pages 


• Illustrated 


Geologic map of the Rio Grande 
Rift and Southeastern Colorado 
Plateau, Now Mexico, and Arizona 

(1983) by W. S. Baldridge, Y. Barley, and 4. Atm 


This m*p indicates tin geologic and structural 
relalkjnsjiips among (be varied, tectonic plenients of 
5° ^d sdjacent Cpiorado Plateau 

, and Baiin and Range Ptevfncos. 

• Full color •: •36*x«" 

•Roterencad and ' 

annotated ' *2 sided • 

.• Sjda one is printed on a mosaic ol Lindset Im- 
agsa. • 

• Slda two reference map it printed on a USGS 
' ' base map. • 

$15 list . 
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wMUPLEh IHlKkAL-H'ibkA'.'LIi -k£f MANUAL FHEn.^Inx lh 
SATURATED FUi.rUREK fUkUUj Raj'lta-'Nl’MEklCAL APPROACH 
J. Moor I shad ILawranca Br.iviv, Lab* rat cry, Ualvvriliy <M 

f i ^r. 1 ^ 1 ' 5 ’- , ’ 72 " ) - <■ '■ T '«* 

Ihr fuodiDenisti cf the chaary ol cotdI idtt icn red 
tnvnwulavt Uliy ace recall Imo tea (orreluilon ■>( a 
phavDsaiMn cxllid charaohydrovlait ic lly. Subie^uant ly. 


B00-424-248 B (loll free) 
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■ VA. 1,1 tonal pr| n( ,p| r and ...lerki,, forculatlon so 
c-Bbcnod «|, h rh „ Y inita-vlvnrni curh-J .l-v, I , P , ne „ 
Cwchniquv ta invest IReto canpl,.l invrcl lc- 

wachvn.ral behavior .>« liguid-iAiurai el. tracer-.* p.. rj .,c 
reckt. * ote-to-caJr ,ur. I .car ion <h* cvth^l ■■ 
InV.'w’ f *™* 1 R-N* -nvlrunoent .,( 4 n«at,*r eB| vl(. a .i 
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